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Preface 



The aerospace environment is an infinite realm 
containing millions of celestial bodies that move in an 
orderly arrangement across the heavens according to 
a regular time pattern. This environment represents 
incomprehensible distances of billions of miles and' 
tinle scales dating back millions pf years. In relation 
to this vast realm, the earth is only a tiny part of a 
solar system of nine planets, at ieast 31 moons, 
thousands of smaller bodies, and one great star, the 
Sun. The Sun is only one of 100 thousand million 
stars in the Milky Way' Galaxy containing the earth's 
solar system. The Palomar reflector in California can 
photograph 1,000 million other galaxies. By multiply- 
ing 100 thousand million stars in the earth's galaxy 
by 1,000 million other galaxies, scientists know that 
the universe contains at least this number of stars. 

One can get some idea of the earth's relationship 
to the universe by imagining the earth to be the size 
of a pinhead. The Sun might be approximately the size 
of a regulation softball some 50 feet away. This dis- 
tance represents 93 fniliion. miles and shows the rela- 
tionship of the earth and the Sun to the remainder 
of the universe. Approximately 250 feet from the 
Sun, Jupiter, the largest planet in the solar system, 
will appear to be appr9ximately the size of a large pea. 
Pluto, the planet farthest away from the Sun, will be 
the size of a small grain of 'sand 1,800 feet away. 
The nearest star will appear as another softball ap- 
proximately 2,000 milps away. 
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. Obviously, in terms of time and distance in the 
universe, the earth is a jnere speck containing a variety 
of organic matter supported by a balance of incoming 
and outgoing energy and protected by a blanket of 
atmosphere. Only 93 . million miles away, a blazing 
nuclear furnace, the Sun, has thrown intense heat and 
energy at the earth since .the beginning of time* In 
the opposite direction, approximately 4,000 miles into 
the center of the earth, lies an immense core of molten 
metal with a temperature comparable to that of the 
Sun. As perhaps the. most advanced form of life in 
the solar system, man has lived and flourished on a 
relatively thin crust of rocky material that has evolved 
from this molten interior. 

OrganicJife, such as that found on the earth, thrives . 
only because of properly balanced forces of gravity, 
magnetism, solar energy, and atmosphere that permit 
biological development. The rapid rotation of the 
earth tends to equalize the earth's temperature and 
prevent the concentration of solar energy. Additionally, 
the earth's atmosphere reduces the intensity of sunlight 
and absorbs some solar radiation. 

This text briefly reviews current knowledge of the 
universe — the earth and its life-supporting atmosphere, 
the arrangement of celestial bodies in outer space, and 
their physical characteristics. Beginning with a brief 
survey of the aerospace environment in Chapter 1, the 
text, in subsequent chapters, examines the composition 
of the earth'js atmosphere, global weather patterns, and 
the role played by various forces in producing weather. 
Chapter 4 contains a somewhat detailed consideration 
of the region between the earth's atmosphere and the 
Moon, with special emphasis on the Moon. Of par- 
ticular interest are the most recent findings on the 

iv 



^surface characteristics and features of the Moon. The 
final chapter contains a brief description of the instru- 
ments used astronomers and examines the worlds of 
interplanetary, interstellar, and intergalactic space. 
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.From the. Ground Ifp- 
A Survey of Aerospace 



^•lHtv4s^> -it^i^lij ftniWiif '^^^ ^?^!^^^^ •f*',*^" 
-m^ #r^kti' % 1^^^ (3) 



aerospace — ... of, or pertaining to, the 
earth's envelope of atmosphere and the space 
above it; two separate entities considered as 
u single realm for activity in launching, 
guidance and control of vehicles which will 
travel in both entities. US Air Force Glos- 
sary ,of Seandardized Terms (AFM IM, 1- 
September, 1970). 

If aerospace is a. single realm, it can be 
thought of as extending far beyond ' the 
limits of actual or planned spaceship 
travel — to infinity, a word which we use 



AEROSPACE ENVIRONMENT 

* < 

to describe^ the utter endlessness of {he universe. Until about 
'400 years ago, it was generally b^elieved that the earth, was the 
center of the universe. As man's knowledge of space expanded, 
this view began to be questioned. Still, it can be useful to us. 
Aerospace, after all, begins at home. From our starting point on . 
earth, then, let us move upward by stages to contemplate the 
universe. ' ' 



t ' AERO- 

The earth is surrounded by a layer of gas, constituting the 
air or atojosphere. This is the '*aero-" part of aerospace. At- 
mospheric density decreases with altitude (heigh( above sea 
level). 

Air may be invisible, -but it is *very substantial. At sea level, 
it exerts a tremendous pressure, • 14.7 pounds per square inch. 
Weighing down on a table top, it. Would ^rush the table were .it 
not for the fact that the pressure undern^th the table is equal 
.to that on top. Gas pressure at a point eXerts itself equally in 
. all directions. We would be crushed to d^iith by the atmos- 
phere if the internal' pressure of our bodies did not equal the 
external pressure. ^ 

We feel the air, .particularly when it moves. When the air 
flows against you slowly, you feel it as a geritle breeze. On the 
other hand, it can move with enough speed a*nd force to knock 
you off your feet, uproot trees, and destroy buildings. When the 
wind blows, or clouds form, or rain and snow fall, or when 
sunshine and blue skies, prevail, or when you feel warmth or 
cold, you are experiencing the "life''* of the atmosphere. That 
is, you experience its movement and its changes in moisture con- 
tent and tempcratur^e. These changes are called weather, which 
we dikuss in Chapters 2 ar^d 3, 

As noted earlier, atmospheric density decreases with altitude. 
II you are a lowlander and visit the "Mile-High City," Denver, 
"Colorado, you may initially experience slight shortness of breath, 
but you will become accustomed to the altitude and have no 
further discomfort. Less dense air also gives less lift to airplane 
wings. Airplanes taking off and landing at airports near Denver 
must use more runway than they dcr at lowland airports. On the 
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whole, however, man and his machines adapt quite easily to the 
atmosphere a mile above sea level. ^ 

At altitudes of two or more miles above sea level, however, 
life becomes a bit more difficult. Lowlanders visiting such regions 
must .be careful not to exert themselves until they become 
accustomed to the thin air. Hardy natives or longtime residents 
of the Peruvian Andes, Nepal, or Tibet develop extra lung 
capacity for livifig in such environments. Plant and animal life 
consists of those species that have adapted to the thin atmos- 
phere. 

At an altitude of three and one-half miles, the pressure of the 
atmosphere is about half that at sea level. As you learned in 
Aircraft of Today, breathing at this altitude becomes difficult for 
many airplane engines as well as living creatures. Reciprocating 
engines \need superchargers and turbosuperchargers to pump more 
air to them. Passengers and crew in a high-flying aircraft, must carry 
their own atmosphere with them in the form of an oxygen- 
breathing appars^tus or a pressurized cabin. (Figure 1.) 

At a still higher level, beginning approximately seven to ten 
miles up (depending on location and season), air becomes so 
thin that it .will not support or produce weather. Water mole- 
cufes are so sparse that tHey cannot form even the most deli- 
cate, clouds. At this altitude, however, the air is still sufficiently 
denser to give lift to wings and to fire the engines of jet air-^ 
craft. Spme turbojet aircraft can fly as high as 20 miles, and some 
unmanned ramjets almost 30. Above these altitudes, at present, 
air breathing engines of any type can no longer function, nor 
can wings support flight. 

At altitudes of 40, 50, or 60 miles, however, a great many 
molecules are pr<J5ent. The daytime sky here is black, and there 
is still enough air. to burn up a meteor* completely through 
friction. An outbound space ship penetrates this layer with the 
^lelp of. a heat-resistant nose. A returning space ship turns its 
blunt nose forward and becomes white hot as it uses this ex- 
tremely (hin atmosphere to slow its descent. Chapters 2 and 4 
provide a closer look at the different layers of the upper at- 
mosphere. 

• For A dcfinliion of meteor sec Chapter 4. p 75 
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Figure 1. Our atmosphtre consists roughly of four main layers— 
troposphtrt, stratosphere. Ionosphere, and exosphere. 
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SPACE 

One definition of Space places it somewhere about 100 miles 
above the surface of the earth. At least here is. a level at which 
unppwercd man-made satellites, if launched with enough ve- 
locity, can coast repeatedly round and round the earth at more 
than 17,000 mph, apparently unhindered by molecules. 

At an altitude of 100 miles, molecules are too scattered to 
have any gas-like character. They do not collide and bounce 
against each other often enough to produce the effects of heat 
or pressure or to set up waves. Thus, there is no sound. Great 
rocket engines, which make such a deafening noise in the atmo- 
sphere, blaze away in utter silence. 

Another definition of the boundary between air and space, 
however, sets it at 600 miles up rather than 100, Both are ac- 
ceptable along with numerous other definitions of this boundary 
ranging from about 60 to 20,000 miles. The thinning out of the 
atmosphere is so gradual that no boundary can be precisely de- 
fined. Variations in the orbiting life of satellites represent one dif- 
ference between altitudes of 100 miles and 600 miles. Those 
satellites boosted no higher than 100 miles usually come to earth 
within a few months. They are gradually slowed down by colli- 
sions with the thin air and other tiny particles of matter until they 
lack the speed to hold them at this high altitude. Each orbit 
is slightly lower than the previous one until the satellite eventually 
makes a blazing reentry into the atmosphere at a velocity that 
burns it up like a meteor. At 600 miles altitude, on the other 
hand, stray molecules are so few and far between that a satellite 
passing through them can stay aloft for years with undiminished 
velocity. 

Further on in this unit, you will learn about Van Allen radia- 
tion belts (Figure 2) surrounding the earth for many hundreds of 
miles into space, solar winds encountered at still greater distances, 
and other phenomena, which indicate that, far beyond the limits 
considered so far, space is not a totally empty vacuum. Nor, 
probably, is Jt totally empty anywhere in the universe, as the 
stars themselves seem to bear witness. 

THE DIMENSIONS OF SPACE 

Space begins then, at most, a few hundred miles from earth. 
How far it extends is almost unimaginable. For the remainder of 
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Figurt 2. Tht Van Ailtn radiatioh belts. 



this chapter, let us try only to grasp distances and dimensions 
as we consider cislunar space, the solar system or interplane- 
tary space, interstellar space, and, finally, intergalactic space. In 
later chapters, we return to these immense realms for a closer 
study. 

CIsIuDsr Space 

Cislunar space means "this-side-of-the-moon space." The Moon 
orbits the Earth at an average distance of about 238,000 
miles. Therefore, for convenience, we may refer to any space 
within a quarter-million miles of the Earth as cislunar space. 
Imagine the Earth as a basketball and the Moon as a tennis 
ball orbiting it at a radius of about 28 feet. Man so far has moved 
these 28 feet into space. Moreover, not only have Americans 
traveled as far as the Moon, but some have landed on the Moon. 
But the prospect of a longer manned voyage into space is still 
many years away Cislunar space, then, represents the present limit 
of travel for the human race. 

Interplanetar>' Space 

The Sun and all the planets and smaller bodies within the in- 
fluence of the Sun's force of gravity constitute the solar system. 
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Next-door neighbors. The Moon represents the limits of man's 
travel, but man-made unmanned space vehicles have traveled. far- 
ther. Probes have been launched to Earth's next-door neighbors 
in the solar system, Mars and Venus.* Photographs of Mars from a 
distance of only a few thousand miles have been taken from US 
vehicles. The Soviet Union has actually landed a vehicle on Venus. 
At their closest approaches^, Venus is 26,000,000 miles away from 
Earth, and Mars^ 34,500,000 miles. These "closest approach" fig- 
ures, however, do not represent the actual distances traveled by 
these vehicles to reach their goals. Since they are launched into 
space in curved paths by the motion of the Earth as it orbits the 
Sun at a speed of almost 67,000 mph, they must chase their target 
planets in long, looping pathways around the Sun, covering hun- 
dreds of millions of miles. Such distances represent the limits of 
travel of man-made vehicles so far. The voyage from the Earth 
to either of these neighboring planets requires about seven months. 

A manned voyage of such length would require a much roomier 
space ship than the Apollo vehicles that can barely hold three men 
in rather cramped quarters oh eight-day round trips to the Moon. 
Moreover, the rocket that could .launch such a large spaceship to 
Mars would require many times more power than the Saturn V. 
And a spaceship that could land on Mars and still have enough 
reserve fuel to thrust free of Mars and return to Earth would need 
a launcher many times more powerful again. 

But space travel is not our subject. Another text, Spacecraft 
and Their Booster, tells you more about travels in space. Let U5 ^ 
continue with our efforts to describe the distances of space. 

The solar system. — ^The solar system appears to be a rather 
flat, disc-shaped planet system. (Figure 3.) All but two of the 
planets orbit the Sun in approximately the same plane, varying only 
a few degrees above or below it. (The two exceptions arc the 
innermost and outermost planets. Mercury and Pluto. The latter 
swings up and down from this plane 17** in its journey around 
the Sun.) The planets orbit the Sun at different .speeds, in the 
same direction, which, vicA^ed from the north, appears as "coun- 
terclockwise." The following table contains interplanetary distances 
and other data: 



*Sce Chapter 5 for details of thc:c probes. 
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Mean distance . 
from Sun (near^ 
est 500,000 
miles) 



Mass 
(Earth = I) 

335.500 



Period of 
orbit 
(Earth days 
or years) 



Orbital 
velocity 
(mph) 



The Sun 
Mercury 



36,000,000 
67,000,000 
93,000,000 
141,500,000 
484,000,000 
887,000,000 



0.05 

0.8 

1 

O.l 
318.0 
95.2 
14.5 
17.2 

0.9 



88 days 
225 days 



107,100 
78.300 
66.600 
53,900 
29,200 
21,600 
15.100 
12.100 
10.600 



Venus 

Earth 

Mars 

JuiHter 

Saturn 

Uranus 

Neptune 

Pluto 



l,784,0o:/,000 
2,795.500,000 
3,675,500,000 



165 years 
284.4 years 



365»/4 days 

I. 88 years 

II. 86 years 
29:5 years 
84 years 



To sum up, the planets vary in weight (or more properly, 
mass) from Mercury's one-twentieth of Earth to ^ant Jupiter's 
318 times that of Earth. All, however, are dwarfed by the Sun, 
whose intense energy supports life upon Earth. Here, however, 
we are considering only its mass — 335,500 tinaes that of Earth — 
which is one of the factors holding the solar system in its present 
pattern and keeping the planets in their orbits. The periods of 
orbit and orbital speeds of the various planets are related to 
distance from the Sun, as discovered by Jobaimes Kepler almost 
400 years ago. Some 300 years ago. Sir Isaac Newton discovered 
the principle of gravitation, which accounts for the orbital charac- 
teristics of the planets. 

Consider the solar system as a ^ant platter, some 7.35 billion 
miles across^ with the orbit of Pluto as its outer dimension. At 
the present time, there is no indication of a planet beyond Pluto, 
but the possibility of such a planet is not ruled out. We do know 
that, -.the Suh's gravity extends far beyond the orbit of Pluto. 

The astronomical unit. — Since we now measure distances in 
space by the billions of miles, this unit of measurement has be- 
come a cumbersome chore — too many zeroes. Astronomers find it 
more convenient tb use the astronomical unit (AU), which is 
the average distance from the Sun to the orbiting Earth, or 93 
million miles (more precisely, 92,959,670 miles). By this longer 
yardstick, Pluto orbits the Sun at an average distance of 39.5 
AUs. Jupiter's mean distance from the Sun is 5.2 AUs. 
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Figure 3. Th* Solar SysUm. 

The astrommuLal untt, however, is convenient tor measuring 
dMances onl> vvulun the solar system. As we shall see, it is inad- 
equate for measuring the distances of interstellar space. 

Interstellar Space 

Interstellar^'%ace means * peace between the stars/' On a clear, 
moonless night, li \i>u have good evesight, vou can distinguish 
some 6.000 stars with the naked eve That is, your eye can re- 
solve them as scp.irate pomts of light. On sueh a night, vou can 
also see a dense band of stars stretching across the sky from 
hon/on to hori/on, These stars appear as points of light so small, 
lamt. and numerous that the naked eve cannot resolve them. This 
band of stars appears as a mistv cloud Xntients called it the 
"Gulaxv " whith is roughlv translated from Latin as the Milky 
Way. With the use of successivelv more powerful telescopes, a 
gre.iter number of st<»r^ bcLamc apparent It is estmuUed that there 
are abcna 100 bilhon stars in the \lilkv Wav 
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bur Sun is a star and a member of this family. As scientists 
have learned, it is n6t the largest or brightest member. In fact, 
the Sun is somewhat* below average in size and brilliaticc. * 

The light year and the parsec. — Since many stars much 
larger and. brighter than the Sun are observed as points of light, the 
astronomical unit is not adequate for measuring interstellar dis- 
tances. 

The light year, — A better means of measuring interstellar 
distances is the speed of light. Light travels through sp^ce at about 
186,300 miles per second. Thus, the Moon you see is the Moon as 
it was 1.3 seconds ago. The Siin, on ^e average, is eight light 
minutes away from earth. The rays of the Sun must travel five 
hours, more or less, to reach Pluto. These are some of the dimen- 
sions of the solar system measured by the speed of light. For 
interstellar distances, the light year is the most commonly used 
unit of measurement. One light year equals 5,873 billion miles, 
or about 66,000 AUs. (See Figure 4.) The nearest star. Alpha 
Centauri, is about 4.3 light years away from earth. The far edge 
of the Milky Way is about 80,000 light years away. 

The parsec. — Another unit sometimes used to measure inter- 
stellar distances is the parsec, which is short for parallax of one 
second of arc. One parsec equals 3.26 light years. The nearest 
star. Alpha Centauri, is 1.3 parsecs away. Since the parsec is 
longer than the li^t year, the parsec is sometimes used to ex- 
press very great interstellar or intergalactic distances. In this text, 
however, we shall continue to use the more familiar unit of 




Figurt 4. Tht light yar U commonly ustd for mtosuring inttrsttllar dfstanct*. 
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Figur« 5. Our $olor systtfn in rtlation to tht Milky Way Galaxy. 

the light year. You should remember, however, that parsec is 
another unit of measurement for space. 

The Milky Way Galaxy. — The Sun and all the other visible 
stars belong to the Milky Way. The stars appear concentrated in 
a rather narrow belt across the sky because of the Milky Way's 
shape. It is a round, flat, pancake-shaped formation of stars, some- 
what bulging in the middle. We are located about 30,000 light 
years from the center of the Milky Way, which has a diameter of 
about 100,000 light years. The thickness in our vicinity is about 
3,000 light years and that of the bulging center, about 15,000 
light years. And these arc not the limits of the universe but only 
one small part of it. (See Figure 5.) ^ 
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IntettalMtk Sptcc 

In the constellation Andromeda^ one can see what appears as 
a dim white region, which was originally believed to be a thin 
cloud of gas or nebula. Exammation with a powerful telescope, 
however, reveals that the area of light in Andromeda is not a 
nebula but a spiral-shaped cluster of stars. In 1923, with the 
help of the Mount Wilson, California, 100-inch mirror telescope, 
the American astronomer, Edwin Hubble, confirmed the opinion of 
earlier astronomers that this cluster of stars was truly another 
galaxy. This galaxy is somewhat larger than the Milky Way, about 
130,000 light years in diameter, and is located about 2 million light 
> X^ars away. 

Today, we know that the galaxy in the constellation Andromeda 
is our next-door neighbor in intergalactic space — the space be- 
tween the galaxies. Astronomers now estimate that the number of 
galaxies in the universe may exceed 100 billion. They come in 
groups and clusters — galaxies of galaxies ! — ^The most remote galaxy 
observed is estimated to be 5 billion light years away. 

In recent years, astronomers have discovered several of what 
they believe to be distant stars or starlike sources of extremely 
intense energy called quasars, (short for quasi-stellar radia- 
tion sources). According to one estimate, one of these sources is as 
far as 9 billion light years away. Scientists are still uncertain about 
quasars — what they are and how djstant they are. As for us, we 
have suggested the immensity of outer space, and we have indi- 
cated the present limits of man's observation, if not his imagina- 
tion. 

IIFE ABROAD AND AT HOME 

Beforp we return to a discussion of earth, we should consider 
two other (Questions. Is there life in outer spaced .Ar^ there in- 
telligent beings in outer space? ' \ 

The answer to both questions is "probably yes." sWith a hun- 
dred billion stars in an average sized, galaxy, multiplied by the 
hq^dreds of millions of galaxies in intergalactic space, there must 
be vast numbers of star systems with planets in orbits around them. 
Every star need not have a system of planets, but the number of 
stars with such systems must be almost greater than we can com- 
prehend. But even if most of the planets could not support life, 
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* . 

there still must be a tremendous number with favorable conditions 
to the evolution of life. Even without considering planets which 
would support only lower forms of life, mathematical probabilities 
still favor the existence of at least a few, possibly a great many, 
planets that support intelligent livuig l)eings. 

By the same token, however, the probability that intelligent life 
exists elsewhere in our solar system arc practically nil. Among only 
nine^planets, our Earth seems to be the only one that is neither 
too large nor too small, neither too near nor too far from the Suh, 
to support life as we know it. Its gravity is strong enough to hold , an 
atmosphere around it. Its speed of rotation is sufficient to distribute 
the warmth of the Sun over its whole surface. The atmosphere 
helps in this task of heat distribution. Sometimes the term biosphere 
(sphere of life) is used to include atmosphere, water, ourselves^ and 
all other living things — life and the environment that suppom life. 

Let's, then, take a closer' look at this planet of ou;/ and its 
spheres of air and water. 

WORDS. PHRASES AND NAMtlS TO REMEMBER 

aerospace Milky Way Galaxy 

altitude . nebula (pi. nebulae) 

Andromeda parallax 

astronomical unit (AU) parsec 

biosphere quasar (quasi-stellar- 

cislunar space - radiation-source) 

galaxy , solar system ; 

intergalactic space , space 

interplanetary space speed of light 

interstellar space vacuum 

Kepler, Johannes weather 
.light year . 

REVIEW QUESTIONS 

- 1. What are the aUitude limits of air-bretlhlng aircraft? 

2. What evidence Is there of some atmosphere at altitudes up to 60 miles? 

3. What happens to sound transmission at au altitude of 100 miles? Why? 

4. What are the present llmlls of travel of the human race? of unmanned 
man-made vehicles? 
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5. Approximaiely, what Is the mean distance between the Sun and the 
.planet Pluto in miles? In astronomical units? In time at the speed of light? 

6. State tfie approximate dimensions of the Milky Way Galaxy^ How many 
stars, by rougli estiniate, does it contain? 

7. y^lmt is the distance to the constellation Andromeda? To the farthest 
known quasar according to one estimate? , 

t« -On what basis might we speculate that there is life in outer space? 

9. What are some of the conditions which make EaHh an ideal planet for 
supporting life? 
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Earth and Atmosphere 
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np HE ATMOSPHERE produces a wide 
^ variety of weather conditions. Weather 
conditions prevail at each point in our solar 
system, but only on the planet Earth arc 
conditions suitable for supporting human, 
animal, and plant life, as we know it. The 
circulation of the atmosphere around the 
Earth plays an important part in making 
our planet habitable. 

ATMOSPHERE AND LIFE 

Before we describe the circulation of the 
atmosphere, we should consider other basic 



AUtOSTACi iNvmoNMB^r 

ways in which the earth's blanket of atmosphere supports and pro- 
tects lifeyln this sfense we view the atmosphere without regard to^te- 
m9vcnwnt. ^ . . ^ ' 

Composition of the Dry Afmotpherr \^ 

Air is a mixture of nitrogen, oxygen,, waterA^tpor, and other 
gases. Nitrogen and oxygen are elemeiAs, nieaning tfiat the mole- 
cules in which they occur consist entirely of one kind of atom. 
As found in free air, both nitrogeif* and oxygen molecules con- 
sist of .two atoms joined' together, written in chemical formulas 
as N2 and Oj. Oxygen also occurs in air in a triple form called 
ozone (O;0, very rare near the surface but somewhat more 
abundant at high altitudes. 

Compounds are substances whose molecules are constructed of 
more than one kind of atom. Pure water is a compound oT one 
oxygen and two hydrogen atoms, the familiar H2O. A compound 
in the air vital to life on earth ms carboii dioxide (CO-^). Under 
the right conditions, different chemicals undergo reactions with 
each other;, that is, molecules exchange atoms and form new 
compounds or release elements. Sometimes the reaction is slow and 
quiet; at other times the reaction is violent. As thc^ molecules 
undergo these changes, we . jcan compare the slow reactions to 
fires and violent reactions to explosions. In any cv^nt, the result is the 
release of energy from a number of molcQules. We are aware 
that some chemical substances like gasoline or dynamite store a 
tremendous amount of energ|r that can be released by applying 
the proper stimulus. 

The physical properties of air are as important as its chemical 
properties.^.Air behaves like any other gas. Its molecules con-^ 
stantly collide and bounce away from each other. In a con- 
tainer, they hit against the container walls and create pressure. 
Heating the air causes the molecules to move more vigorously 
and increase the pressure. Cooling it * causes the pressure to 
drop. If you squeeze a quantity of air into a smaller container, 
the , pressure increases. If you transfer xhc air to a larger con- 
tainer, it will ,expand" to fill whatevp/- space is available, and 
pressure will drop. The ocean of air sun'oundirig the earthy is not* 
Enclosed in a container, but the force of the earth*s 'gravity keeps 
it bound to the earth and prevent? it from disappearing into space, 
Tlie physical laws governing the behavior of free air are some- 
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what more complex than those governing the behavior of air in 
containers, but some of the same principles apply. Atmospheric 
pressure and temperature constantly vary at any one place and 
• from .one place to another. 

Despite these variations, the mixture of the component gases 
in the atmosphere remains remarkably constant. One ingredient, 
water vapor, is a variable. Without water vapor and foreign sub- 
stances, the atmosphere has a dry au: composed of these gases 
almost always- in these proportions: 

Nitrogen (N2) 78 percent 

Oxygen (O2) 21 percent 

Argon (Ar) 0.94 percent 

Carbon Dioxide (CO2) - 0.03 .percent 

Rare gases ' 0.01 percent 

Such is the au: that you inhale. The au: which you exhale from 
your lungs is a somewhat different mixture. Its oxygen content 
is reduced to about 16 percent,, and its carbon dioxide content is 
increased to 4.5 percent. Your body thus consumes oxygen and 
produces carbon dioxide. 
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Fl0urt 6. Mixturt of gat«t which mak« up dry olr ond laytt of ctmosphtrt. 
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iNitorgen docs not seem to be affected by the breathing pro- 
cess. It is inert as far as breathing goes. It seems to serve humans 
and other breathing creatures merely to dilute the active ingredient, 
oxygen, to the proper strength. However, in the life cycle or 
balance maintained by all living things, which we call ecology, 
nitrogen plays a very active role. It is drawn from the air by bac- 
teria in the soil. Then it nourishes plants and creates proteins, 
which /are eaten by animals and humans. In death, plants and 
animals decay and return ^nitrogen to the air. This is the nitrogen 



In the oxygen cycle, humans and other breathing creatures use 
oxygen and food to sustain life just as an air-bicathing auto- 
mobile or aircraft engine uses oxygen and fuel to function. The 
same elements — carbon and hydrogen— in different compounds 
provide energy for living beings or machines in the carbohydrates 
(sugars and starches) of food or the hydrocarbons*, which are the 
energy-giving compounds of petroleum products and coal. Carbon 
dioxide gas is one of the waste products of combustion in man 
and machine. Even, though it diffuses and becomes approximately 
0.03 percent of the atmosphere, it also plays an important role 
in the life cycle, as we shall see. 

In recent years, there has been much public concern about air 
pollution in many parts of the world. The average citizen fre- 
quently uses the word **ecology" to voice his concern. Not too 
. many years ago, it was used only in the special vocabulary of 
scientists. Although this text emphasizes weather and not ecology, 
there is no denying the fact that di .urbed ecology is a real problem 
, in many localities today and is japidly becoming a world prob- 
lem. Moreover, in pur discussion of the atmosphere as a part of 
the aerospace environment, ecology cannot be ignored. When we 
speak the nitrogen and oxygen cycles of life in which the 
atmosphere participates, we are referring to the overall ecological 
pattern of the whole earth, not merely of certain regions. 

As far as the basic gaseous composition of the world's atmos- 
phere is concerned, measurements over the past few decades 
show no significant change despite tremendous industrial expansion 

•Technically, carbohydrate Is a compound Including carbon, hydrogen, and oxyten A- hydro- 
Ciirbon includes only carbon and hydrofcn, 



• cycle' essential to life on earth. 



Ecolofy and the Oxygen Cycle 
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The oxygen content has remained the same. Air pollution, at least 
for the present, is a problem of what is added to the atraopshere 
rather, than what is taken away from it. 

The world's plant life constantly replenishes the world's oxygen / 
supply through plotosyittliesis. Green plants accomplish this task 
of converting sunlight to food energy with the help of a substance 
called chlorophyll; which also gives them their green color. In the 
process, carbon dioxide is drawn from the air. The result of the 
synthesis is storable food energy or carbohydrates. In the same 
process, oxygen is released into the air. Photosynthesis, in short, 
is the opposite of man's and animal's breathing and eating. In- 
stead of exhaling carbon dioxide, plants consume it. Instead of 
consuming oxygen, they produce it. Instead of consuming carbo- 
hydrates, plants produce and store them. 

Thus, the world's biosphere depends upon energy from the 
Sun. All sources of food or fuel on or within the earth can be 
traced to plant photosynthesis and the energy of the Sun. Life 
also depends upon a basic chemical balance in air, water, and 
living things, of which carbon, hydrogen, oxygen, and nitrogen 
in various proportions and compounds are the prime elements. 

In the previous chapter, we posed some questions about life in 
outer space,J^owhere else in the solar system is there the proper 
combination of sunlight (not too much nor too little) and at- 
mospheric and earth chemistry to provide such a biosphere as 
ours. This combination, however, supports life as we know it. In 
making guesses about life in outer $pace, the possibility arises of 
a planet with an entirely different chemical and physical balance, 
which may consist of beings that grow, move, feel, think, and 
possess other aspects of "life" even under conditions impossible 
for earth life. But let us turn our attention to the environment of 
our earth atmosphere. 

Tlie Roles of Water and Dim* 
Two more ingredients of the earth atmosphere are also impor- 
tant factors in our ecology: water and dust. The water content is 
highly variable. In clear air, w^A^i is present as molecules of H2O 
in gaseous form called water vapor* The amount of water vapor 
that a given volume can hold varies with temperature. The higher 
the temperature, the more water molecules it can hold, as the 
following table shows: 
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Temperature (Fahrenheit) 
40* 
60* 

100* • 

An unsatufated^^ume, then, containing a given amount of water 
vapor will become satxirated if its temperature decreases suffi- 
ciently; as the temperature further decreases, normally some of the 
water vapor condenses as fog, cloud, or precipitation/ 

Saturation and evaporation. — Under saturated.cpnditions, the 
rdative hiimidity is 100 percent. The temperature at which satura- 
tion occurs or wDl occur is called the dew point When a weather- 
man predi(;tts fog, he predicts that the temperature will fall to 
the dew point or below, or enough water vapor will be added 
to bring die relative humidity to 100 percent. The opposite 
of condensation is evaporation* As warming occurs, the fog or 
cloud disappears. In evaporation, water molecules .leave water 
, surfaces, like those of lakes, rivers, and oceans, or wet surfaces. 
Evapdlration produces a cooling effect. Thus, we can sometimes 
sense differeripes in relative humidity at a given temperature. For 
example, at ^0 degrees you will usually continuously perspire a 
certain amount, regardless of humidity. If you feel uncomfortably 
hot and. damp at 80 degrees, it means that the body's perspira- 
tion is evaporating slowly and is therefore producing little cool- 
ing. If you feci comfortable at 80 degrees, your body perspira- 
tion is evaporating as fast as it appears on your skin and lowering 
your skin tem'perature a few degrees in the process. 

Forms of [precipitation. — ^There are various forms of pre- 
cipitation. Dcyf fbrms on the ground and other surfaces when 
the temperatui'p of that surface is at or below the dew. point. The 
surrounding air may be^.^armcr and unsaturated, but j:ondensa- 

tion occurs when the Sit strikes the cold surface. JFrost occurs 

I' ' t 

m the same manner onja surface that is below freezing tempera- 
ture. When clciud or fog dropbts become too heavy to , float in 
the air and begin to settle toward the ground, they become m^bt 
or drizzle. Stillj heavier drops, of course, are called rain. Snow is 
produced by mpisture freezing around a tiny ice crystal; the char- 
acteristic six-pbjnted or six-sided shape of the sno'A^.ake is the 
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Weight pf water necessary to 
^saturate the volume of a pound of dry air 
under standard conditions^^ ^ 

.005 pound 

.011 pound 

.026 pound 

.043 pound 
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result of its building on its original crystal line shape as it grows. 
(There is a theory that the. triangular shape of the H2O molecule 
the reason.) 

The importance of dust.— Except at temperatures well below 
free2dng, clouds and fog are composed^ of very small droplets of 
water which collect on microscopic water-absorbent particles of 
solid matter in the air, such as dust, salt from evaporating sea 
spray, and products of combustion. The abundance of these par- 
ticles on which the droplets form, called condensation nucki, per- 
mits condensation to occur generally as soon as the air becomes 
"saturated. 

ATMOSPHERE IN MOTION ^ 

*• 

We can now begin to understand some of the mystenes 01 
weather. Added to the properties of the atmosphere that we 
have discussed is its motion. Motion is one of the atmosphere's 
ways^of distributing heat. 

Heat Transfer 

There are basically four ways of transferring heat: radiation, 
conduction, convection, and advection. Only the last two of these 
involve atmosphere in motion, but let us briefly consider all four. 

Radiation.— Radiation is^ the transfer of heat through space or 
through air independent of the heat-transfer properties of the air 
itself. The heat energy of the Sun reaches the Earth through radi- 
ation. This method transfers heat energy without changing the tCT-- 
perature of anything between the source of energy and the object 
heated. Heat energy escapes a generating source in the form of 
waves. These radiant -jvaves (or rays) are" themselves a form of 
energy. When radiant energy from one object reaches another ob- 
ject, it is absorbed and changed again into heat energy. 

Scientists classify radiant waves according to their length. Radiant 
waves of different lengths are assumed to form a band, or spectrum. 
At one end of this band are the shortest waves; at the other end, 
the longest waves. Waves sent out by the. Sun include ultraviokt 
rays, visible light rays, and infrared rays. Ultraviolet rays are in- 
visible rays that lie beyond the violet rays toward the short-wave 
end of the spectrum. Infrared rays are invisible rays that lie be- 
yond the red rays toward the long-wave end of the spectrum. The 
visible light rays lie between the ultraviolet and the infrared rays. 
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The wavci of any of these groups arc not of identical length. For 
example, there are short infrared waves and long infrared waves, 
depending upon the distance of the wave from the visible red 
of the spectruoL 

Although radiant energy is never destroyed, it may be changed 
in many ways. Radiant waves may be absorbed or reflected by 
clouds in the atmosphere; they may be scattered or reflected by 
dust in the atmosphere; they may be transmitted through the 
atmosphere; they may be absorbed by the earth and converted into 
beat energy. 

Were there not a balance of heat between the eaijh. the 
atmosphere, and space, the earth, bombarded continually by 
radiant waves, would become increasingly warmer. This does not 
happen because the radiant energy received by the earth is, in turn, 
radiated from the earth into space or transferred into the atmos- 
phere. 

Meteorologists estimate that of all the solar radiation arriving 
at the top of the atmosphere, 42 percent is ^reflected into space 
by clouds ^T}d atmospheric dust, iS percent is absorbed directly 
into the atmosphere, and 43 percent reaches the earth directly. 
Of the 15 percent absorbed directly into the atmosphere, 4 per- 
cent eventually reaches the earth as diffused sky radiation. Thus, 
a total of about 47 percent of the incident solar radiaiion finally 
reaches the eath and heats it. The heated earth*s surface, in turn, 
radiiites infrared rays upward. Part of these rays (approxunatsly 39 
percent) are absorbed by the atmosphere and are converted into 
heat. This process provides the principal source of heat for the 
troposphere. The rest of the infrared rays (about 8 percent) 
escape outward through the atmosphere into space v/5th no heating 
effect. These radiative processes that tend to maintain the earth*s 
heat balance are chiefly responsible for worldwide weather. (See 
Figure 7.) 

Conduction.— Conduction is the transfer of heat through matter 
by direct contact. It can take place in a solid or fluid (liquid or 
gas) but, in the fluid, tliere is convection, too. An example of 
pure conduction in a solid would be the heating of one end of a 
metal rod and the transfer of heat down the length of the rod. 
Nothing flows. One molecule of metal, as the heat reaches it, will 
vibrate faster and will collide with its neighboring molecules and 
make them vibrate faster. Thus, the energy is passed along. Air 
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is not a very good conductor of heat. Nevertheless, the sun-wanned 
earth docs warm the lowest levels of air by this method. Without 
convection, the heat would travel very slowly upward by conduc- 
tion from molecule to molecule, just as in the metal rod. 

Convection and advectioh. — ^Thesc two methods are mentioned 
together because they really are the same, that is, the transfer 
of heat by the motion of air. This is the atmosphere's 
principal means of heat transfer. Air is a fluid, and, like all fluids, 
it flows. When it is heated, it rises, and cold air takes its place. 
When air cools, it descends and displaces the air beneath it. The 
vertical motions in this cycle — updrafts and downdrafts — are called 
convectioiL The horizontal motions are called advectioiL We have 
described a kind of local circulation pattern, such as that which 
might occur over woodlot and cornfield on ahnost any summer 
afternoon. (See Figure 8.) 

There are also largi;r circulation patterns, involving long-range 
advcctiori — air currents flowing thousands of miles from the tropics 
or the poles toward middle latitudes or from the oceans toward in- 
terior plains of continents. Nevertheless, convection is a part of 
these grand cycles, too. 




FIflwr* 7. The h«cit balanc«. 
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Figur* t. Whtn o moss of oir is htottd ond its dtnslty dtcrtosts, It will b« 
disploc«d by tht surrounding cooltr and dtnstr oir. Thtst vtrticol movtmtnts art 

called convtctibn currtnts. ^ ^ 



Levels of the Atmosphere 
In our survey of aerospace in Chapter 1, we described the 
atmosphere mainly in terms of the decrease of air density and 
pressure with altitude. Let us take another look at the atmosphere 
at different levels above the earth as we consider temperature and 
other factors. 

Even before the dawn of modem science, man could observe 
that temperature decreased with altitude. He had only to l6ok 
up from a warn valley toward a snow-capped peak to guess 
this fact. Today, however, we knoNy that a decrease of tem- 
perature with altitude occurs within the lowest few miles of the 
atmosphere, in the zone called the troposphere, and that various 
temperature trends occur at higher levels. An instrument-carrying 
rocket, as it rises, will tell us that, beyond the troposphere, the 
ajr grows warmer or remains at a constant temperature, or the 
rate of decrease in the temperature becomes smaller. At the same 
time, as we know, air density and pressure decrease with altitude 
until, somewhere beyond 100 miles from the earth's surface, the 
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atmosphere becomes so thin that it is practically a vacuum and 
can be called "space," Scientists divide the atmosphere into levels 
or "spheres" of different heights above the earth's surface. (See 
Figure 9.) You should become acquainted with at least the first 
three of the following list: 

Troposphere, This is the lowest levd of the atmosphere, varying in thickness 
from about 5 miles at the poles to about 10 miles at the equator, averaging 
about 7 .miles over the United States. Within this level, temperature de- 
creases with altitude at varying rates depending on weather conditions, 
averaging 3.6 degrees Fahrenheit per thousand feet. As we have noted, 
the main source of heat is not the direct rays of the sun but the sun-warmed 
earth, heating the air fronfi below. 

Tropopause. The tropbpaiise is a narrow border zone betwern the tropo- 
sphere and the next higher layer, the stratosphere. 

Stratosphere. Immediately above the tropopause, the air is clear, stable*, 
and frigid, with temperatures near 100 degrees below zero, Fahreinheit. 
But temperatures in this layer, called the stratosphere, slowly increase 
with altitude, remain constant, or decrease less rapidly to a height of about 
30 miles, where relatively mild above-z,ero temperatures have been reported. 
V The presence of ozone (O3), a radiation-absorbing form of oxygen, is 
believed to be the cause of this phenomenon. Ozone is ^Iso helpful in 
filtering out harmful radiations, such as gamma and cosmic rays, from 
the sun and outer space. 

Upper atmosphere. — Later, we describe more fully the zones of the 
atmosphere, semi-atmosphere, and semi-space that lie beyond the strato- 
sphere. Here, we note them briefly. Immediately above the stratosphere 
(about 35-50 miles up) is the mesosphere, where temperature again de- 
creases with altitude. Then, in what is variously called the thermosphere 
or ionosphere, temperature again increases with altitude. X-15 aircraft, 
balloons, and unmanned rockets have probed these upper regions. Astronaut^ 
zoom through them in a minute or two on their way into orbit. But science 
still has much to learn about the nature and composition of these top 
layers of the atmosphere. Perhaps future scientific discoveries may reveal 
how some of the conditions 6n the frontiers of space affect the weather 
bejow. 

Importance of the Troposphere 

Whatever its remote causes may be, weather occurs in the 
troposphere. Packed into this lowest layer of the atmosphere are 
80 percent of the air and almost 100 percent of the water mole- 
cules of the entire atmosphere. The Greek word tropes means 
"change/* and the troposphere is the zone where conditions are 
constantly changing. It is the zone .of billowing clouds, shifting winds. 
. turbulence, rain, snow, lightning, hail — everything that we call 
"weather." Because the earth is the main source of heat, the tro- 
posphere and the earth's surface comprise a "weather machine.** 
They act together to produce the changing conditions under which 



•That a. 'Mablc'* mcanm« free from up-and-down currents or "turbulence" StronR windt 
paraUc! to the earth's surface do blow in the stratoipherc 
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DEGREES FAHRENHEIT 

Figure 9. Laytrt of tht atmotphvr* thawirtg t«mp«ratur« varlotmnt. 

wc troposphere-dwellers live. It is on this partnership that we now 
concentrate our attention. 

GLOBAL WEATHER PATTERNS : 

To understand the weather where you live, you must under- 
stand it on a worldwide scale because the entire earth and the radi- 
ation discussed earlier produce the weather. The earth contains all 
of the raw materials for the manufacture oi weather, and the Sun 
furnishes the heat for blending these raw materials into the weather 
as we know it. 
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The Earth as « Weather Machine 

Here, then, are the raw materials of weather. The earth swings 
around the Sun in a ,600 million-mDe orbit through space that 
takes slightly over 365, days. This orbital motion around the Sun, 
coupled with the fact ihat the earth tilts on its axis, is the cause 
of seasons. This journey and the tilt of the earth causes winter 
in the United States wkile it is summer in South America. Another 
feature of equal importance in causing changes in the weather is 
the spin of the earth on its axi^, a spin of approximately 1,000 
miles per hour at the equator. As a result of this spin of one revo- 
lution every 24 hours, each spot around our globe is vyarmed by 
the Sun equally as much as other spots at the* same distance and 
direction from the equator. 

The atmosphere that covers the earth is a fluid and has many 
characteristics of other fluids. It rises when it is heated, descends 
when it is cooled, and flows from place to place seeking equilibrium. 
This fluid effect of the atmosphere is affected by the surface fea- 
tures of the earth. The earth's surface heats at an uneven rate, 
causing a great deal of instability in the atmosphere. Besides the 
uneven heating of the earth's surface, the physical features of 
mountains, oceans, deserts, and the like, all play their separate 
♦ roles in weath.cr making. 

The Wind 

The rate of heating of the earth's surface is greater in the 
equatorial zone than it is within the temperate and polar zones. 
For this reason, the temperature of air in contact with the earth's 
surface within the equatorial zone rises more rapidly than does the 
temperature of air in contact with the earth's surface within the 
temperate and polar zones. If the earth did not rotate, these 
conditions would result in a gigantic convection movement of the 
air, with the upper air moving from the equator toward the poles 
and the surface air moving from the poles toward the equator. 
The earth docs rotate, however, and, as noted above, irregularities 
characterize its surface. Consequently, the system of the winds is 
somewhat-complexJ 

As a result of the earth's rotation, the nature of air currents 
generated within the equatorial zone is modified by a factor called 
the Coriolis force. This is a deflecting force, exerted by the rota- 
tion of the earth upon any object in motion, that diverts the 
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object to the right in the Northern^ Hemisphere, to the left 
in the Southern Hemisphere. In the Northern Hemisphere, as the 
heated air above the equatorial zone rises and moves northward, 
it tends to change its direction toward the east as a result of the 
Coriolis force. By the time it reaches approximately 30^ N Lati- 
tude, it is blowing directly eastward and causes an accumulation 
of air and a high-pressure belt at this latitude. 

As the air pressure builds up within this belt, some of the air 
is forced downward toward the earth's surface. A portion of this 
air flows toward the equator along the surface; another portion 
flows toward the poles along the surface. 

Meanwhile, some of the air aloft continues to flow toward the 
poles, becomes cold, settles to the surface, and begins a return 
trip, to thei equator. The warmer surface air moving up from 
about Latitude 30"* overruns this colder air and continuing north- 
ward, ^produces a high-pressure condition in the polar zones. At 
irregular intervals when the pressure becomes sufficient, massive 
,cold air surges break out of the polar zones. These surges of 




Ffgurt 10. Global wind circubtion. 
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air, moving toward the equator, cause the changeable weather con- 
ditions that are characteristic of the middle latitudes. (Sec Figure 
10.) 

Other factors which affect the circulation of the air are gravity, 
friction, and centrifugal force. Gravity tends to pull the air down- 
ward and produce a graduated air-density distribution, with the 
greatest air density near the earth's surface. Friction tends to re- 
tard air movement; it is effective to an altitude of about 1,000 
to 6,000 feet, depending on the irregularity of the surface over 
which the air is moving. Over calm water, wind may be con- 
sidered frictionless above 1,000 to 2,000 feet. Friction is effec- 
tive to an altitude above 2,000 to 3,000 feet over level terrain. 
Over mountains, friction may affect air movements up to 6,000 
feefor more above the peaks. , 

Centrifugal force acts on air moving in a curved path so as to 
decrease its speed within a low-pressure area and increase it within 
a high pressure area. In the Northern Hemisphere, the air flows 
clockwise around, a high-pressure area and counterclockwise- 
around a low-pressure area. In the Southern Hemisphere, the direc- 
tions are reversed. ' 

/ The general circulation of the air is complicated by the irregular 
distribution of land and water areas. Different types of surfaces 
differ in the rate at which they transfer heat to the atmosphere. 
Seasonal changes and daily variations in temperature .also affect 
/this rate of transfer/ In some regions, local low-pressure areas 
(form, over hot land surfaces in summer and over the warmer water 
surfaces in winter. Convection currents are formed along shore 
lines. These currents cause the wind to blow from the water 
over the land during the day. During the night, they cause the 
wind to blow from the land over the water. 

Local air circulation of limited scope is caused by the varia- 
tions in the earth's surface. Some surfaces — such as sand, rocks, 
ploughed areas, and barren land— give off a great amount of heat. 
Other surfaces — such as meadows, planted fields, and water — tend 
to retain heat. Rising air currents occur over sand, rocks, barren 
land, and other surfaces that give off considerable fieat; descend- 
ing I Ir currents occur over surfaces that tend to retain heat, such 
as water and land areas covered' with vegetation. 
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Air Mmms 

The United States Air Force Dictionary defines air mass as "a 

large body of air within the atmosphere having approximately 
uniform temperature and moisture characteristics throughout in a 
horizontal direction." Although clouds and fog may forni because 
of conditions and procedures within an air mass, genei;,al weather 
changes are usually the result of the meeting of air masses having 
different characteristics. Air mass characteristics parallel those of the 
area in which the air mass originates. A polar air mass is cold; 
a tropical air mass is hot; a maritime air masiis humid; a contmen- 
tal ahr mass is dry. Maritime air. masses are formed over water. Con- 
tinental air masses are formed over land. Meteorologists in the 
United States are concerned chiefly with air masses originating at 
two sources: those that move southward from polar regions and 
those that move northward from tropical regions. The cold aiv 
masses are continental polar, maritime polar, and arctic. The 
principal warm air mass is called maritime tropical. 

As an'air mass moves away from its source of origin, its original 
characteristics arc changed because of the nature of the earth': 
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Flgur» 11. Typ«$ of air massts. 
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^ surface over which it passes. It m.ay become warmer or colder, 

' absorb moisture or lose moisture, be lifted by mountains, or drawn 
down into valleys. An air mass, however, is not likely to lose all 

. of its original characteristics. 

The temperature classification of an air mass is based upon the 
temperature of the air mass in relation to the temperature of the 
surface oyer which it passes. A cold air mass is cplder than the 
earth's surface over which it is moving; a warm* air mass is warmer 
than the surface over which it is movir;g. As an air mass moves 

, from over one surface to another, it could change, for example, 
from a cold air naass to a warm air mass. 

The characteristics of an air mass, then, depend upon the sur- 
face over which it' forms, the seasons, the surface over which it 
travels, and thv^ length of time it has been away from its source of 
origin. In general, a cold air mass is characterized by cumulus 
and cumulonimbus clouds and by local thunderstorms, showers, 
hail, sleet, or snow flurries, Pronounced turbulence exists in its 
lower K 'Us; yet, except during precipitation, the ceiling and visi- 
bility are usually unlimited: On the other hand, a warm air mass 
is characterized by haze, fog, stratus clouds, and drizzle. Warm air 
masses have little or no turbulence; yet, visibility conditions are 
poor and ceilings are- generally low. (See Figure 12.) 

, The general movement of the atmosphere across the continental 
United States is toward the east. Air masses originating in the 
tropical and equatorial ar^as move toward the northeast. Those 
originating In the arctic and polar regions move toward the south- 
east. Cold air masses move more rapidly than warm air masses. 
The weather at any location generally depends on the nature 
of a prevailing air mass or the interaction of two or more air 
masses. 

The boundaries set up between one another by air masses of 
differeuit characteristics are called frontal zones or fronts. This 
boundary or front moves along the earth's surface as one air mass 
tends to dispteiSe another. If a cold air mass tends to replace a 
warmer air mass, the boundary is called a cold front; if a warm 
air mass tends to replace a cold air mass, the boundary is called a 
warm front. When there is a marked temperature and humidity 
difference between the two air masses, weather changes along a 
front are pronounced. We will have more to say about weather 
fronts in the next chapter. 
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Figur* 12, Characttriitic* of a cold and a worm olr moii, 
WORDS THIUSES, AND NAMES TO REMEMHEU 
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BAKTV AND ATMOSPHBUf 

QUESTIONS 

1. Wluit are IIm froyortkms of iittrofeii» ozyfen, and carbon diozide In the 
MftVi atmoifhmT 

X Trmn the fmtk of nitrofcn throogli tbe life cyde. 

3. Tnet the j^th of oxyfta tfarootb the life cyde. 

4. What bafpens to mobtnre hi the afar when the 9k becomes saturated? 

5. Why Is dvft an fanportant lagredient of afar? 

€. What la the prfaKlfal way hi which the atmosphere transfers heat? 

7. In which byer ol the atmosphere dOjM weather occor? 

t. What If the preralling direction of wfaid hi tropk bititades? In middle biti- 
(ndes? 

% Which Is oauaDy colder — maridme polar or continental polar air? 

THINGS TO DO 

L Midce a chart shomnf the layers of the atmosphere and their relative 
depth, > 

2. Keep track of weather reports and maps in your local newspaper or on 
television and identify the type or types o£ air masses in your locality 

- during the current week. 
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Chapter 3 

More about the Weather 




THE PRECEDING CHAPTER con- 
sidcrcd the basic ingredients of weather 
— ^the earth's rotation, uneven heating by the 
Sun, the atmosphere, terrain, and air masses. 
Now let us take a closer look at weather in 
action, 

I 

THE WEATHER FRONT 

We suggested earlier that weather is the 
stormiest when air masses having different 
temperatures meet. In general, the strongest 
winds and heaviest precipitation occur 
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along the leading and tiailing edges of air masses. The boundary 
between two air masses is called a front. As we noted before, 
air masses and fronts, generally have a component of motion to- 
ward the east across the United States— warm fronts from .the 
southwest and cold fronts from the northwest. (There arc occas- 
sional exceptions to this rule, but retrograde or back-door move- 
ments of weather systems from east to west are very infrequent.) 

weather map of the United States (Figure 13) shows this 
basic pattern on a typical winter night. The irregular line repre- 
sents a cold front that extends southward from a low-pressure cell 
in Michigan and , ends in Mexico. The shaded^portion of the map 
indicates that an area of precipitation (shaded) follows this front 
as far south as Mississippi. Clear weather prevails in the center 
of a cold air mass over the western states, and in a warm center 
(MT for "maritime tropical") over Florida. 

Tbe Cold Front 

Suppose, at this moment, that you are experiencing an au: .mass 
of maritime tropical origin. It is a hot, humid day because mari- 
time tropical .air masses contain heat energy and water vapor. 
You are uncomfortable because there is ahnost no movement of 
air around you. The weather forecaster predicts the arrival ot a 
cold air mass during th^ afternoon. Hie cold air mass arrives as 
a northwest wind, and, since it is heavier than the warm air mass, 
it moves under the warm moist air and shoves it upwards. This 
causes unstable conditions. (Sec Figure 14.) 

Rapid condensation of moisture in a towering thunderstorm 
releases much energy. This produces the familiar thunderheads or 
cumulonimbus clouds. Intense rain, lightning, and, possibly, hail 
occur, and, if conditions are just right, the thunderstorm may give 
birth to one or more tamadoes« the most violent weather phe- 
nomenon known to man. 

Other types of Fronts 
Thus far, we have described weather that may develop in asso- 
ciation with a cold front. There are several other types of weather 
fronts and an infinite variety of frontal weather. The warm front 
occurs when warm moist air displaces cooler and dryer air. Since 
it is lighter than the air that it displaces, the air along the warm 
front rises above the cooler air on the surface. Although the 
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FiQurt 14. A cold front invading a warm front. 



weather in a warm front may not be as spectacular as the weather 
in a cold front, it can be much more dismal and prolonged. 
Warm front weather may last for days and provide very poor 
flying weather in the process. In certain respects, warm front 
weather is even more dangerous to pilots and airmen than cold 
front weather. Well-organized cold-front storms are easier to see in 
advance and avoid, but unwary pilots can get into trouble grad- 
ually in warm-front weather, with reduced visibility and more pro- 
longed icing conditions. One other type of weather front of par- 
ticular interest to the airman and to the forecaster is the occluded 
front This condition occurs when a cold front overtakes a warm 
front and lifts the warm air off the ground. An occluded front 
may contain features of both cold and warm fronts. 



CLOUDS AND WKATHKR 

The absence of frontal zones on our weather map does not 
mean that all is peaceful and serene over the entire area. repre- 
sented by the map. 
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A plowed field heats tt t much faster rate than the sunound- 
ing wooded areas. White *ciimahu douds form over the field as 
the warm air rises and cools above it. As it rises, it leaves t par- 
tial vacuum just below it, and more air rushes in to replace the 
rising air. This is the process of convection described in the pre- 
ceding chapter: 

The puffy white cloud begins to grow. It turns gray and fore- 
boding underneath because of the intense concentration of mois- 
ture within it. It continues to grow to 10,000, 20,000, or 30,000 
feet. Rain soon begins to fall, and the cloud enlarges. Lightning 
flashes. A fuU-flcdgcd thunderstorm with damaging winds and hail 
is underway. 

This, is what weathermen call a convedive fliuiidcrstomi, caused 
by the rising of heated air. As conmion as clouds are, there arc 
many things meteorologists do not know about them: 

FornwtioD of Ootids 

We noted earUer that warm and moist air rises. Qouds form 
when water vapor condenses into water droplets. Clouds develop 
from the water droplets, and these water droplets merge to form 
raindrops or snowflakes. We have ako noted the prevailing be- 
lief that raindrops form around smaU particles of dust. Some people 
say that static dcdridty forces water droplets to merge into ram- 
drops. When this process is fuUy understood, it will open many 
more doors of discovery about the weather phenomenon known 
as clouds. As influcnccrs of weather, clouds do not actuaUy fail 
into any simple category as do air m^asses and frontal zones. 
aoud3 are both the result and the cause of weather conditions. 
For example, hurricanes do not exist without the familiar, wall of 
spiral clouds, but weathermen do not yet know the degree to which 
this wall of rain clouds contributes to the severity of a hurricane. 
They do know that all thunderstorms do not breed tornadoes, but 
all tornadoes arc bred by thunderstorms. However, they still do riot 
understand why, under what appears to be precisely the same con- 
ditions, one thunderstorm will produce a tomadq and another thun- 
derstorm will not. Intensive studies of clouds are presently under- 
way to understand some of these mysteries. 
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Types of Clouds 

As you no doubt have observed, clouds come in all sizes and 
shapes. To t he exp erienced observer, these clouds have names and 
can be identified; to the experienced meteorologist (fully qualified 
weather, forecaster),, they are important weather indicators. If 
we draw fine distinctions, we can, perhaps, identify hundreds of 
different types of clouds, but, for weather reporting purposes via 
teletypewriter, there are 27— nine in each of three height categor- 
ies. Practically any clpud in the sky, or combination of clouds, can 
be one of these types. We need not describe all 27 types, but 
you should be ^familiar with the three height categories and an ex- 
ample or two in each category. You should also look closely at 
Figure I5> since this picture shows the most typical clouds of all 
height categories. 

1. High clouds (16,500 or more feet above the ground). These 
clouds most commonly consist of microscopic ice crystals. 

2. Middle clouds (6,500 to 16,500 feet), 

3. Low clouds (near surface to 6,500 feet). u\ cloud actually 
' touches the surface, it is reported as "fog" rather than "cloudi" 
Sometimes, a fourth category may include clouds with extensive 
vertical development. Since the bases of such clouds arc usually 
well below 6,500 feet, they arc also known as low clouds, but 
the tops extend into higher altitudes, over 50,000 feet in ex- 
treme cases. 

Each height category may, contain various types of clouds. 

High clouds:— Feathery or mare^s tail types of clouds are, 
called cirrus (Figure 16). Thqy are often seen on days of fair 
weather, but they may indicate the arrival of a warm front sev- 
eral days later. Rainy weather may be closer at hand if the sky 
is completely overcast with cirrostratus. This is a high sheet of 
cloud so thin that it hardly seems like a cloud at all. It gives the 
sky a pale blue or slightly milky appearance and causes the Sun 
to cast pale but distinctly outlined shadows. At night, the Moon 
and the brighter stars are visible through cirrostratus. A sure 
indicator of cirrostratus rather than hazy skies is the "halo" that 
may be seen surrounding the Sun or Moon. If you hold your 
hand at arm's length and turn it perpendicular to. your line of 
vision, aligning the heel of your hand with the Moon, the bright 
ring or halo will be located almost at your fingertips. This opti- 
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Figure 15. Cloud types at rtlative attitudes. 



cal effect indicates ice-crystal composition of the cloud layer. 

Middle clouds.— These clouds come in a great variety, from the 
smooth, gray allostralus, which may produce light to moderate 
but prolonged rain, to the patterned rows of small altocumulus 
clouds, sometimes called mackerel sky. ^ 

Low CLOUDS.— These clouds range from the small puffy white 
fair-weather cumulus clouds, which may bring not-so-fair weather if 
they appear early in the morning and acquire some vertical devel- 
opment by noon, to the thick, dark, even gray stratus clouds of 
prolonged rain or the ragged dark scud clouds of stormy weather 

Vertical development clouds.— As they grow, cumulus 

41 

ERIC Qv) 



f AlROSJPACl INVIKONMCNT 

clouds extend upward from rather flat bases to resemble giant 
cauliflowers (Figure 17). They become thunderheads or cumulo- 
nimbus when the tops reach into freezing levels and form smooth 
white scarfs. These formations then fan out into characteristic 
anvil shapes, indicating a thunderstorm or thundershower. (Figure 
18) 

Knowledge^ of these and other clouds is but one tool in the fore- 
caster's hands. They are short-range weather indicators that some- 
times indicate future weather conditions. 



TERRAIN AS A WEATHER MAKER 

Thus far in our study of weather, we have learned that the at- 
mosphere is a fluid in motion, constantly moving here and there as 
it seeks equilibrium. In its many movements, the air -rises and cools, 
causing clouds, ' rain, and other forms of visible moisture. We > 
noted earlier that colliding ^weather masses or heating' of the earth's 
surface lift warm moist air to great heights. lii both instances, ' 
water vapor condenses into some visible form. 





Figurt 16. Cirrui at tunttt. Vtry Mgh "Mart'i taU" ctoudt at t—n on a cttar 



\^a rt I 
winttr tvti^ng. 
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Figurt Hi. Mpturt thundtrhtpd*, with charact«rl$tic anvll»ihap«d top$.^ Surfaet 
wind blows into thundtr»howtr orta, o$ loundry on lint indicatts* 
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Incgularities in the earth's surface can also cause air to rise and 
cool, and the result is the same. Gentle hills and steep mountains 
contribute their part to the manufacture of weather. An excellent . 
example of mountains as weather makers is the High Sierras in 
California. Maritime tropical air masses coming into southern Cali- 
fornia fill "with moisture, heat, and energy. Lying directly in the 
usual path of these air masses is one of the most popular ski • 
areas in the United States, and,, just a few miles away, one of 
the driest spots in the world. What happens to the moisture in an 
air' mass from the time it leaves the Pacific Ocean- until it passes 
over Death Valley, the dry and deadly basin just east of these 
mountains? As. the air mass enters the United States, the moun- 
tains cause it to rise. As it rises, it cools and losiis practically 100 
percent of its moisture on the western slopes of the mountains, 
accounting for the excellent ski conditions. As it descends the 
eastern slopes, it again expands and absorbs the small amount 
of moisture in the vicinity of Death Valley. This process is re- 
peated again and again all over the world — in the Himalayas, 
the Alps, the Caucasus, and other ranges whose windward slopes 
arc moistened with rain and snow and their leeward slopes are dry. 

Along many seacoasts, there is a breeze from the sea by day. 
This moist, relatively cool air rises and heats as it passes across land. 
Convectipnal clouds form a short distance inland (Figure 17) and 
may bring showers by afternoon. At night, the land cools more 
rapidly than the sea, and the current is reversed, the breeze 
blowing from land to sea. . ^ 

Although these types of weather are more localized than air 
masses or frontal weather, the weather forecaster must, neverthe- 
less, consider them in his predictions. His task is not an easy one. 
He must be a combination of geographer, physicist, physical 
scientist, and something of a fortune teller. Although he may make 
some classical mistakes, he is more often right than wrong, and 
advancing technology makes him right more often than even 
before. * 

WEATHER 0BSERVIn8^ND FORECASTING 

Consider for a foment the weather forecaster's problem as we 
examine a sample of our atmosphere and the features that con- 
tribute to the manufacture of weather. The atmosphere is a fluid 
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that behaves .according to the physical laws governing fluids. It 
flows; it has internal pressure .and energy; it has wdght and mass; 
and U is acted upon by inertia and centrifugal fo\;ce. The spin 
of the earth on its axis affects it as do the pressures ^f surround- 
ing samples of air. It is also filled with positive and negative elec- 
trical charges, and it contains water vapor, some of which may 
have condensed into invisible wajer droplets and ice crystals. Our 
sample has constant internal movement and the ability ^o moye 
right or left, up or down, depending upon conditions aff^^ting it. 
Now, if we add the heat of the Sun and evaporation frbm the 
earth's oceans, the complexity of the forecaster's job becomes 
obvious. " \ 

In the not too distant past, each man was his own weathcr^fpre- 
caster.^His technique consisted of looking at the sky and the clouds 
and deciding whether a giyen day would be suited for plowing, 
hunting, fishing, or staying indoors. Only in recent years, with tn^e 
coming of radio, radar, and other electronic tools, has weather 
Jforecasting become more a science and less an art. 

Although the weathernciin's job is a formidable one, it is not 
impossible. As a product of heat energy and a fluid atmosphere, 
weather behaves according to some well defined physical laws. 
Air is a fluid and has the characteristics of a fluid. The heat ex- 
change in the atmosphere can be measured and evaluj^ted. The 
same^is true of moisture content. The energies involved in weather 
behave according to the Jaws of energy conservation. Therefore, 
the weather forecaster's job is becoming easier as more sophis- 
ticated measuring devices become available to him. 

! Instruments, for Surface Observation 

About 200 years ,ago, men began to apply themselves to the 
task of understanding v^eather. They developed crude,, homemade 
devices to measure the moisture content of the airsj/he^ pressure 
of the atmosphere, and wind speed and direction. A few individuals 
took to small^ boats and balloons and penetrated severe storms 
in an attempt to understand what occurred .inside them.. Indi- 
vlduals banded, together into small groups - and studied weather 
conditions. Th6y reasoned fairly St^urately that, if certain weather 
patterns followed certain conditions, *then, when |hese conditions 
rccurfecl, the same weather patterii would repeat itself. 
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Many centuries of myths and legends hampered man's ori^ai 
research into weather. Supposedly, bad weather was the \ gods' 
way of punishing earth. Good weather indicated that the godsl were 
pleased with things here below. Strangely enough,^many of Ithesc 
myths still prevail. Neptune still controls the oceah$Midesl and 
storms, and the devil still beats his wife if the Sun shines while it 
is raining^n many part4 of the world, the thickness of a bird's 
nest is still a sure sign ox an early and severe winter. In other areas, 
observers of ants and flies '^foretell" the coming of a storm by 
the actions of these ini^ts. * ' • 

Gradually, however, scientific measuring instruments began, to 
prove that many of these popular myths were not reliable weather 
indicators. The first such instrument was the barometer for measur- 
ing atmospheric pressure, invented in 1643 by Torricelli. To 
scientists of that day, the barometer was the best instrument yet 
devised for predicting weather several days in advance. Certain 
changes in the weather pattern seemed to follow rising and falling 
barometric pressure. However, as useful as the barometer is to 
the modern forecaster, it- is not a positive tool for predicting the 
weather. There are many other factors that influence the weather 
besides the simple change in atmospheric pressure indicat^ by 
the barometer. 

The barometer was followed by the thermometer for measuring 
the temperature of the air and the hygrometer for measuring the 
amount of moisture in the air. A later refinement of the hygrom-, 
eter was the wet and dry bulb thermometer, or psychrometer, 
which provided a very precise measurement of the amount of 
water vapor dissolved in the ^if. As we learned in Chapter 2, 
the dryer the air, the greater '^he cooling by evaporation. Therer 
fore, the wet-bulb thermom,wtef, with its bulb wrapped in wet 
cloth, shows a lower reading than the dry-bulb thermometer. 
The greater the difference between the two readings, |^e dryer 
the air. When the two thermometers read the same,;the air is 
saturated. Two other useful instruments for measuring atmospheric 
conditions had been used for cemuries. The weathervane measures 
wind direction and the anemometer measures wind speed. 

All these- devices measure weather conditions at o^e location oh 
the surface of the earth. Thus, early forecasters made surface 
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observations with no knowledge. of weather conditions at other lo- 
cations. Much of the progress in meteorology for the past century 
is due to the development of modern communications. 

ExtfBding Mim's Weather Eye y'^ 

Since the invention of the telegraph more than a century ago, 
man has been able to learn about the \yeather beyond the horizon. 
Developnient of radio communications in the twentieth century . 
helped to fill in important gaps oyer ocean and ^vildemess, areas. 
Other modem inventions have increased weather coverage, 
speeded up the collection and distribution of weather data, and 
extended man's ability to observe weather upward and outward 
into the atmosphere and space. / 

Weather organization. — Obviously, , a huge commjanications 
network involving people and machines is necessary to provide 
current weather information. Since weather service must be free 
to all citizejqs, it is a Government function. Here and there, an 
expert meteorologist may set himself up in private business to 
provide specialized forecasting service for certain, industries, but, 
Jlke the rest of us, he must use weather reports and forecasts 
^rom. the National Weather Service.* |feven though we receive our 
weather Teports via newspaper^ radio, or televt^ion, these media 
draw their weather information from the National Weather Service. 

The US military .services draw upon the information and fa- 
cilities of the National Weather Service, but the^ also have weather 
services of their own. These services are necessary because of the 
special weather needs of military aviation and other activities. 
Furthermore, military forces require complete weather service in 
regions of the world where other sources of weather informatijn 
are not available. The Air Force's Air Weather Service is a di- 
vision of the Military Airlift Command, but it serves all Air 
Force commands and most of the Army. The Navy has its own 
extensive weatlier service.^ The .Army has a smaller weather or-, 
ganization to provide certain Special weather services not pro- 
vided by the Air Force. 

Tn peacetime, global weather service is made possible by inter- 
national cooperation, including internatiojial codes for sending most 

•Foriwrry called (he US Weather Bui^a^. (he Natfonal Weather Service is now par( of 
II:fc National Occanographlc and AtmoipherJc Admtnhtration «nd(r the Department of 
Commcrc*. \ \ > 
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weather messages. Global airline operations would be impossible 
without such cooperation. In war, knowledge of the weather can 
ilso be highly important in military intelligence. Now, let us look 
at the United States again and its weather at a given time, as 
provided by information from normal civil weather service. 

The wEATHERj map. — ^The weather map shown in Figure 13 could 
not be constructed without numerous weather reports from sta- 
tions all over th^ continent. The time of the reports is 1:00 am 
Eastern Standard time. From coast to coast — at 10:00 pm Pa- 
cific time, 11:00 pm Mountain time, and midnight Central time — all 
observations for this map were made and recorded at the same 
time. They were then rewritten in a numeral code and sent by 
teletypewriter (described below) into a central weather facility. 
The numerous tiny numbers and symbols scattered over the map 
are the means of transcribing local information from many stations 
onto a map. The forecaster anal}zes this data and interprets, the 
symbols to identify air masses and fronts. Then he indicates these 
air masses and fronts on the :»iap to show the pattern of the na- 
tion!s weather at the stated time. 

Despite the electronic miracles described below, interconnected* 
weather stations are to this day mar-'s most important means of 
obtaining weather information beyond what he can observe at one 
station. A series weather map remains the most important basis . 
for predicting tomorrow's weather, for it tells where the weather 
has been . and how far it has moved. The weather will not 
necessarily continue to move in the same direction at the same 
speed, but, nevertheless, the map is the prime indicator of weather 
to come. Of all the modem weather sensing and communications 
machinery, let us first determine what makes the map possible. 

Teletypewriter. — Since the early 1930s, most military and civil 
weather stations have been equipped cvith wire-transmittinj type- 
writers or teletypewriters. The teletypewriter can not only type out 
words but, by means of numerals and symbols, can also provide 
a thorough weather report in a single* line of typing. Thus, tele- 
type networks can speedily collect weather information from mah]^ 
stations and arrange it in a condensed, orderly sequence that no ^ 
Morse code or voice communications lan do. In modern systems 
much speedier than those of the 1930s and 1940s, machines in 
weather stations throughout a region transmit their messages Jn 
automatic sequence to other machines, which relay collections of 
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messages to national centers at speeds up to 800 words per min- 
ute. 

Facsimile transmission. — Facsimile transmission is. another vi- 
tal part of weather reporting and forecasting systems. As news- 
papers can send and receive photographs by wire, so can weather 
stations transmit and receive maps, charts, and diagrams useful in 
weather service. This device also speeds up weather service and 
eliminates duplication of effort. Formerly, each station constructed 
its own maps and charts from teletype data. Today, central fore- , 
casting officers prepare these graphics and transmit them by wire 
to numerous local weather stations and airports in much less 
tn«.,v (Figure 19) 

Radar. — Some weather stations are equipped with radar, v/hich 
can scan the surrounding countryside for distances of 100 miles or 
more. Radar can penetrate through an area that is generally cloudy 
and rainy; pinpoint the location of heaviest precipitation, thunder- 
stonrt cells, and tornadoes; and track their movement. 

Upper air orservations. — Knowledge of weather conditions ob- 
served from the surface of the earth does not tell the full weather 
story. For forecasting purposes, it is desirable to know conditipns 
above the ground. Winds, temperature, pressures, and humidities 
aloft are indicators of current flying conditions and weather to 
come. Some weather stations are equipped to take balloon ob* 
scrvations by rawinsonde. Rawinsonde gets its name from two dif- 
ferent systems employed separately many years ago but now com- 
bined — radiosonde and rawin. The radiosonde system included 
a balloon about six feet in diameter and a small package consisting 
of tiny weather instruments and a radio transmitter. The balloon 
and weather package were sent aloft to transmit temperature, hu* 
midity, and other weather data signals back to a ground receiver. 
The old rawin system included a similar balloon and a simple 
metal target, which was tracked by grou.id-based radar to show 
the direction and velocity of the winds at different altitudes. In 
the more modern rawinsonde system, the radiosonde package also 
serves as the rawin target, and the ground receiver includes both 
radio and radar receivers to pick up all data simultaneously. 
(Figure 20) 

Weather soundings over remote areas where there are no raw- 
insonde stations (;an be taken from airplanes by dropsonclc. This is 
the same kind of weather-instrument and transmitter package as in 
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Figurt 20. Wtathtr balloon with rawinsondt tquipmtnt. 

radiosonde, except that it is attached to a parachute instead of a 
balloon and dropped from an airplane flying at a high altitude. It 
sends its weather information back to the airplane on its way down. 
However, it cannot produce rawin data, since this requires a sta- 
tionary radar for tracking. Over the years, the Air Force's Weather 
Service has conducted numerous weather observation flights over 
wilderness and ocean. At one time, weather flights over the North 
Pole were made routinely. Today, weather flights observe severe 
hurricanes and sometimes penetrate to their centers. 
SATELLITE:) — The wcathcf satellite is the newest and most amaz- 
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ing electronic device used by the forecaster. Although it does not 
measure weather, in the sense of providing readings, the satellite 
is becoming more valuable than all other measuring devices com- 
bined. 

From its orbit, the weather satellite aims its combination of cam- 
eras at the earth and photographs global weather and cloud pat- 
terns. Then, on command, the satellite transmits these photo- 
graphs back to ground stations where they are received and eval- 
uated. The first such weather satellite was TIROS (Television In- 
frared Observation Satellite), and it was highly successful or, as 
one scientist put it, too successful. TIROS furnished more weather 
data than the ground stations were equipped to evaluate. After 
TIROS came NIMBUS, a more highly refined satellite that made 
possible, through advanced photographic techniques, a 24-hour-a- 
day survey of global weather conditions. Cloud patterns were in- 
terpreted and analyzed from the photographs and converted into 
mosaics that covered entire continents and oceans. Inaccessible 
areas of the globe, which had never seen a weather instrument or 
a forecaster, were now being observed and analyzed in detail.* 

Today^ there are even more sophisticated weather satellites un- 
der development.. Some of these satellited will utilize the newly re- 
fined laser equipment and will actually measure the latent energy 
and moisture content of an air mass from hundreds of miles 
above it. With a built-in computer, such a satellite will be highly 
selective in the information that it gathers and transmits to earth 
stations. 

Climatology 

The science of weather is not limited to observing today's 
weather and forecasting the, weather for tomorrow. To advance 
man's knowledge of the atmosphere and to improve his forecast- 
ing ability, long-range studies are also necessary. Furthermore^^ 
people in many walks of life need statistical knowledge of the' 
weather, as well as today's report. Knowledge of the average an- 
nual rainfall of a given locality, for instance, or the annual highs 
and lows of temperature may influence a farmer in deciding what 
crops to plant or an industrialist in deciding where to locate a 
factory or to market certain products. Knowledge of prevailing 

•Sec lh<? unit Spactcraft and Their ^Boosters (or (urlhcr Informatlpn on TIROS and NIMBUS 
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wind direction influences the construction of runways and other 
facilities at an airport. 

Tht term climate refers to atmospheric conditions of a locality 
or region over a long period, as opposed to weather, ^yhich refers 
to conditions at any one time. Long-range studies of atmospheric 
conditions are called climatology. One interesting type of climatology 
is the study of past^ patterns of weather as an aid to forecasting. 
Computers, backed by weather records on electronic tape, are used 
in such studies. Behind ihese records stand the many weather sta- 
tions, where hourly weather observations are not only transmitted 
for immediate use but recorded and later forwarded to climatology 
stu^ly centers. 

WEATHER HAZARDS TO AVIATION 

We can gain some ideas of the weather forecaster's problems 
and responsibilities by considering weather hazards encountered by 
flyers. Farmers, shippers, and people in a variety of occupations 
have a vital" interest in the weather, but nobody lives as inti- 
mately with the weather or needs as complete knowledge of cur- 
rent weather conditions as the flyer. 

Aircraft must, operate in the heart of the weather machine, the 
troposphere. Even jetliners that cruise in the weather-free strato- 
sphere must climb and descend through the troposphere and make 
their landings and takeoffs there, often under conditions far from 
ideal. Flyers encounter many varieties of weather but, in most in- 
stances, bad weather produces three main flying hazards: turbu- 
lence, kmg, and poor visibility. In the following sections, we dis- 
cuss these three hazards and consider a weather disturbance that 
can combine all three in their most severe forms — the thunder- 
storm. 

Turbulence 

Air^ currents, not only flow parallel to the earth's surface as 
wind l5Ut also take the form of up-and-down movements known as 
turbulence. Wind can be either a help or a hindrance to a flyer, 
but turbulence is always unwelcome. It can be a mere nuisance, 
causing airsickness in some passengers, or, at times, it, can produce 
more serious dangers, such as a sudden loss of altitude in a down- 
draft or the "shear*' effect caused by an encounter with both an 
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up and a down draft in quick succession. The most violent tur- 
bulence usually occurs in thunderstorms, where it is also a cause 
of hail (discussed below under thunderstorms). Moderate to se- 
vere turbulence, however^ can also occur in almost any cloud with 
substantial vertical development and, sometimes, even in clear air. 
In fact, clear-air turbulence, known as CAT, has become one of 
the special hazards of the jet age, for it is particularly jolting to 
an aircraft encountering it unexpectedly at high sjjeed. 



Icing 

. Formerly, icing was the greatest of these three aviation hazards, 
but this hazard has been reduced by modern aircraft equipment 
designed to break or melt ice as it forms. Without such equip- 
ment, a flyer in ice-forming conditions frequently discovered that 
a rapid buildup of ice on the airfoil surfaces of his aircraft des- 
troyed ilie^ cfaft's efficiency. Ice could form on propeller blades and 
force them out of balance to the point that vibrations produced 
other perils. It could also form in the various intake systems of an 
engine and shut off fuel or air. Conditions are most favorable 
for ice formation inside a cloud where the air is saturated and 
supercooled, that is, the temperature is below freezing, and the 
water droplets are still in liquid form. But the shock of an air- 
plane passing through the cloud suddenly turns the droplets to 
ice. Basically, two types of ice can form on aircraft in flight — 
clear ice and a white, frosty type called rime ice. Of the two, rime 
ice is less dangerous, and ordinary deicing equipment can usually 
remove it. Hard, solid, clear ice is more stubborn, and a flyer 
encountering it may b^ forced to descend to a lower altitude, 
where warmer temperatures can melt it. A forecaster's advice on 
how to avoid this hazard is always welcome. 

Reduced VisibUity 

Many things can cause reduced visibility, fog, clouds, rain, snow, 
dust or sand, smoke, haze, etc. Fog and low stratus clouds are 
statistically the most serious accident causes, since they affect land- 
ing and takeoff operations. 

Both flyers and motorists understand the hazards of dense fog. 
But even moderate visibility restrictions imposed by fog can be an 
aviation hazard because of the higher speeds involved in flying. 
Thanks to radio, radar, and , other modern navigational aids. 
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however, aviation is no longer dependent upon good visibility 
as formerly, but even the best of pilots prefers to land on a run- 
way that he can see! Furthermore, progress in aviation has also 
meant more crowcjing of airports and airplanes. This makes it all 
the more urgent to keep a close weather watch on visibility 
restrictions. 



If turbulence, icing, and reduced visibility are 'the -principal- 
weather hazards, then the thunderstorm I is the "triple threat" 
weather condition because it produces all three hazards, in addi- 
tion to some rather serious side effects. If possible, pilots avoid 
flying into mature thunderstorms, but, sometimes, a mission may 
require it, and, sometimes, they enter them by accident. When 
this occurs, knowledge of what occurs inside a thunderstorm is 
very important. \ 

Thunderstorms are attended by severe turbulence, icing, light- 
ning, and precipitation in one form or another. The more severe 
thunderstorms produce hail and, in extreme cases, tornadoes. 

Intense rain and snow in thunderstorms can severely limit visi- 
bility, especially when an aircraft is taking off or landing. Icing is 
very common in thunderstorms, but it is usually not as severe a 
threat as some of the other hazards. An aircraft usually passes 
through a thunderstorm too quickly to permit a serious buildup 
of ice. Lightning is the least of a thunderstorm*s menaces. Although 
aircraft have been struck by lightning, the damage is usually slight. 
However, > a hazard associated with lightning can be quite serious.^ 
Static induced by lightning can become so severe that radio 
messages cannot be read, and other electronic navigational aids 
may not function properly. But the most dangerous of a15 hazards 
produced by a thunderstorm is turbulence, with its by-product, hail. 

The heart of a thunderhead is similar to a vast chinmey, pulling 
air and moisture into a powerful updraft. On all sides of this chim- 
ney, downdrafts of almost equal power occur. A hapless aircraft 
encountering these conditions is severely buffeted. Hail occurs when 
an updraft carries a tiny drdp of water upward into the sub- 
freezing temperatures of the cloud's higher levels, where it be- 
comes a small ball of ice. Then, a downdraft . sv/eeps it down- 
ward into the lower levels of the cloud, where it partially melts 
and picks up more moisture. Then it hits the updraft again. 



Thunderstorms 
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and jt is again borne aloft into the freezing zone. This process 
occurs repeatedly, and the small hailstone acquires layer after layer 
of ice, sometimes becoming as large as a golf ball, or, in some rare 
instances, a baseball. You can imagine the power o£ some thun- 
derstorm "chimneys" if you realize that they sometimes carry a 
chunk of ice the size of a baseball straight up for a distance of 
perhaps a mile. The hailstones themselves are quite a flying haz- 
ard. A moderate number of hailstones from one-half to three-quar- 
ters of an inch in diameter can .give an aircraft a severe battering 
in a few seconds. ^ , 

To combat these hazards, the aircraft industry has built aircraft 
of greater structural strength to withstand the stresses of turbu- 
lence, deicing equipment to reduce the hazards of i^e, and navi- 
gational aids to permit flying under conditions of reduced visi- 
bility. However, these developments have not reduced the need for 
swift reporting of current weather and accurate forecasting of 
future weather. ' 



FORCASTER CAPABILITIES AND LIMITATIONS 

Despite progress in recent years, weather forecasting is not an 
exact science. Since his task includes a number of unknown factors, 
the v/eather forecaster, in many instances, cannot forecast as ac- 
curatdy as is desirable. An airman should view the forecaster's ad- 
vice £iS expert opinion. The experienced airman continually checks 
curretit weather against predicted weather as he proceeds with his 
flight. He knows that the greatest certainty of weather is . its 
changeable nature. Consequently, the older a forecast, the more 
likely that some part of it will no longer be accurate. 

What the Forecaster Can Do 

Available evidence shows that the forecaster can predict the 
.following weather conditions at least 75 percent of the time: 

• The passage of a fast moving cold front within two hours 
of its arrival. The , forecaster can make this prediction as 

^ much as 10 hours in advance. 

• The passage of a warm front or a slow moving cold front 
within 5 hours of .its passage. He can predict fhis condition 
up to 12 hours in advance with 75 percent accuracy. 
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• The rapid lowering of visibility in prewarm front conditions. 
The , forecaster can predict such reduced visibility within 4 
hours of the time that it actually occijrs. 

• The beginning of a thunderstorm within 1 or 2 hours of its 
\ arrival. For this prediction, the forecaster must have radar. 
•\The time in which rain or snow wiU bcj^n faUing within 5 

hours time of its actual, arrival, 
.•jhie^^rapid deepening of a low-pressure center and its asso* 



ciated bad weather. 



Some UiuolTed Problcnu 



foUc^wing weather con- 
of a gloDal Air 



needs 



Forecasters cannot currently predict the 
ditions with sufficient accuracy to satisfy the 
Force: 

• The time at which freezing rain will begin. 

• The location and occurrence of severe or extreme turbulence. 
This is particularly true of clear air turbulence, since such tur-^ 
bulence is not associated with cloud fonnations. | 

^ The precise location and occurrence of ; heavy icing con-, 
ditions. . . j . | 

• The precise location and occurrence of a tornado. | 

• The beginning of a thunderstorm that has not yet formed! 

• The position of a hurricane center ntarer than lOO iniles 
of its actual location more than 12 hours in advance. ' 

The weatherman's p-'pose is to advise pilots, and crews of the 
most likely weather conditions that they will encounter en route 
to and at their destination. ' 




MAN AS >YEATHER MAKER ! 

' 1 ' / ; . 

,v ill man, someday, be able to "do something about the weather?" 
This is not as unbelievable as it may sound, since steps itf thrs 
direction are already underway. Experimenters haye, ' with so^me 
success, seeded clouds with dry ice and silver iodide crystals in an 
attempt to produce rain. Men are regularly penetrating to the h^art 
of hurricanes to learn more about these massive storms. Eventuajlly, 
they may be destroyed or turned aside before they reach popu- 
lated areas. Construction of a dani across the Bering StraTTs be- 
tween Alaska and Siberia has been proposed. This might make. the 
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northern polar regions habitable. Another suggestion is to cover the 
polat ice cap with carbon black dumped from aircraft. The result 
would be a greater heating and melting of the ice cap,, again, to 
make the region habitable. All of , these suggestions have their draw-r 
backs, however, and it will not be until all the consequences 
are evaluated that such actions are undertaken.^ These/jpossibilities 
are no?, so remote as they seem when you consider^ \}iat chemi- 
cals in existence today can be spread on the surface of water to 
reduce evaporation to practically zero. Think of wha^ this chemical 
could do to the world's climate if it were spread over^ all the 
world's oceans. These and other actions are withm the reahn of 
possibility. It is not too difficult to believe that, someday, the 
weatherman's job will be one-half to predict the weather and one- 
half tp change the weather. / 



WORDS, PHRASES, AND NAMES TO REMEMBER 


Alf(V*iimii1nQ dniiH 


meteorologist 


iiltostratus cloud 


* middle clouds 


anemometer 


NIMBUS satellite 




fiTrliiHftH front 


barometer 


psychrometer 


f*iiTfKtratii<; rlniiH 


radar 


cirrus cloud 


radiosonde 


clear air turbulence (CAT) 


rawin 


clear ice 


rawinsonde 


climate 


retrograde 


climatology 


rime ice 


cold front \ 


scud clouds 


communications 


static electricity 


convcctive thunderstorm 


stratus, cloud 


cumulonimbus clouds 


supercooled air 


ximiulus clouds 


thermometer * 


dropsonde- 


thunderhcads 


facsimile transmission 


tornadoes 


front 


turbulence 


fronjal weather ' 


visibility 


haU 


warm 'front 


high 6louds 


weather 


hygronicter | 


weathervane 


icing 


wet and dry bulb thermometer 


low clouds 


(psychrometer) 


mare's tail 
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QUESTIONS 



1. p€Kribc what happens when a cold front moves in on a warm air mass. 

2. How is a convectlonal thunder^orm produced? 

I • 

3. At what height from tl^e earth^s surface are each of the three main cloud 
groups found? 

4. At what point do cumulus clouds become cumulonimbus? What do they . 
then faidicate? 

5. How are air masses affected by^mountaina? 

6. Define: thermometer, hygrometer, and psychrometer. 

7. Explah) the operation of a weather satellite. 

I. Of the| many weather hazards encountered in fiyingi which is the most 
dangerous? Why? 

9. Name four weather conditions. that cannot be predict^ accurately. 
10. Describe two proposed methods for. warming the northern polar regions. 



t. Observe and identify clouds for t week and make a class report. Make a 
relief map showing the features of tbe earth*s surface which affect weather. 

2. Make a barometer, using mineral oil instead of mercery. Instructions, 
enclose a thermos bottle liner in a cardboard box^and attach it upside down 
to a wooden brace. Insert a plastic straw through the cork and cork the 
bottle tightly with the straw extending into the bottle one or two, inches. 
Place the bottle cap on the floor of the brace directly under the bottle, so ^ 
that the other end of the straw goes into the cap. Fill the cap with oil. The , 
oil will rise in the straw as air pressure lowers. The pressure can be measured 
by indicator marks on the straw. 
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Chapter 4 




Froin the 6arth^ tQ the Moon 



M THIS CHAPTEit; wc'eiwitiatr th* rafkm b*- 
.W«' 'firit' fwtxofoinf th« Mpjm to 

•poM/ .}tt wrfact choTficlvfitHct/ «nd 'thtMrlts 

A^fo fUth^ WHwi ya^; «fu<M thif 

ill nimrn- M dfin^Hiw'^ jfw c^wro^nsiiM 

v^hkUt •ffaMInf . wHMn •r trm^ 'Von 
AltMi ri^fpttM *(3} . tiMpiilf tH« \«Orf«ot, 

ffotufM /«ffid ' othtr- d|wractorUi^C4 - of th^NMoon; 
<md' (4); <*m|Kir« ^fff«r*nf tK««r{«i on tho 
^fiftn ff 'th« Moon. ^ 



THE FRLNGES OF .SPACE 

A S INDICATED EARLIER, various 
-^gradual changes occur in the region 
between air and space. The most basic and 
obvious change is the decrease in the ^density 
of the air and the resulting decrease in 
pressure as altitude increases. A gradual 
thinning of molecules causes this change, 
which affects life support and travel in 
aerospace. The different layers of atmos- 
phere and lower space may also be classi- 
fied according to temperature tfi^nds. briefly 
noted in Chapter 2. Temperatures decrease 
with altitude in some zones and increase 
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, in Others. There are a jnumber of other interesting phenomena 
that distinguish the upper atmosphere and the fringes of space^ . 

/ ' ' ' ' 

Discovery j of the Upper Atmosphm / 

Man has long wondejred about the aurork borealis and the 
aurora australis* The aurora borealis (or northern lights) flashes 
brilliant colors in varying patterns across the northern skies and 
the aurora australis pre^nts a similar display in^thc southern* 
hemisphere. ObsQrvers have determined that these ^ displays occur 
/ at heights ranging from 60 to 600 miles above th^ surface of the 

earth. I 

These and other phenomena may be associatcft with a zone of 
electrically-conductive layers in the .upper atomsphere called the 
ionosphere* Discovery of| the ionosphere came /with tne invention 
of the radio early in the I twentieth century. / / 

In the 1890s, Guglielmo Marconi conducted successful short- 
range experiments with ,radid, and, in December I'SDl, he senf 
thfe world's first radio m^sage across the Atlantic, Ck:ean from Eng- 
land^ to Newfoundland. ^ Previously, scientists believed that elec- 
tromagnetic waves (the carriers of radio 'signals) traveled only in 
straight lines and, there|fore,' could not i)e receijved beyond the 
curve of the earth. He^nce, the limit for radio communication 
between any two pointy on the surface of the /earth would be 
less than 100 miles, perhaps a little nfore if one; or the other pjoint 
were located on the top of a high mountain. (This principle holds 
true today for certain types of tr'ansmissions, such_as_tclevisiori, 
FM radio, and conventiofial raMr.) How, then, could Marconi's 
radio send signals across the Atlahtic? 

Shortly after Marconi*s feat,/ an American physicist, A. E. Ken- 
nelly, and a British pjiysicist, Oliver Heaviside, independently 
advanced theories that a conductive layer in ihe upper atmos- 
phere acted as shield and mirror to prevent electromagnetic waves 
from escaping into space and to reflect them back to «arth. As 
they traveled upward at apy given angle, the signals from Marconi's 
radio glanced off the layer at an angle, like thi image from a 
mirror, and, thus, passed! over the intervening hori^on.^ For many 
years, the name KeijncIIy-Hcaviside layer was apphed 'to what is 
now called the ionosphere. \ 

^Iii the 1920s apd later^ a long series of ground-based observa- 
tions provided a more accurate picture of the ionosphere. Radio 
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pulses werKpreciseJy timed as they traveled at the speed of light 
up to the reflating la:^cr and back, to a receiving instrument. In 
this fashion, fohx separate reflectmg layers in\ the upper atmos- 
phere were discovered: the D layer, at 31 miles altitude; the E 
layer, at approximately 62 miles (this layer still bears the name 
Kemielly-Heaviside); and the Applcton Region; containing the 
Fi and layers, at 186 and 248 miles, respectively. The lowest 
of these,, the D layer, reflects longwave radio transmissions, such 
as those of the standard commercial radio broadcast bands in the 
United States. Higher layers reflect shorter wave transmissions. 
Furthermore, the higher the reflecting layer, the farther a signal 
can travel because it bypasses more of the earth's curvature. 
Thus, shortwave radio can be used for international broadcasting, 
and longwave radio is^ preferred for local commercial broadcasting 
although longwave stations may have ranges to approximately 
1 ,000 miles, depending on power. 

As man continued to learn more about the upper atmos- 
phere, through ground observation, he also began to fly and send 
unmanned instrument packages to higher altitudes for more 
direct observations of the upper atmosphere. 

In the middle 1930s, manned balloon ascensions by the Swiss 
scientist, Augusta Piccard, and others reached altitudes above 
50>000 feet. By 1938, an Italian reciprocating-engine airplane had 
climbed above 50,000 feet. After World War II, jet airplanes 
flew to greater and greater heights. Balloons, nevertheless, con- 
tinued to make useful contributions to science. The current manned 
balloon altitude record, set in 1961, tops 113,000 feet or 21 
miles, exceeding t^e altitude record for manned flight in an air- 
breathing aircraft. Unmanned balloons, carrying scientific instru- 
ments and transmitters, have risen as high as 142,000 feet or 
27 miles. Balloons have the added advantage of a stationary or 
slow-moving viewpoint, which is preferred for some observations, 

V/ith its propulsion system that works independently of air, 
the rocket, of course, has been the key to modem high-altitude 
and space exploration. Even before the first satellites went into 
orbit in the laie 1950s, instrumented rockets had risen to hun- 
dreds of miles above the surface of the earth. Such sounding 
rockets (vehiclesr- with an up-and-down rather than an orbital 
trajectory) arc still used, and unmanned satellites orbit at alti- 
tudes from 100 to more than 20,000 miles. In the 1960s, manned 
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flights in the rocket-powered X-15 aircraft, reached altitudes up 
to 67 miles. Since then, of course. Moon voyages have aroused 
greater interest. * 

Characteristics of the Ionosphere 

We have already identified the upper atmosphere by various 
names. In Chapter 2, we noted that the mesosphere (middle 
sphere) and thermosphere (heat sphere) apply to zones of tem- 
perature trends. The ionosphere, generally including the same 
zones (at altitudes above 50 miles), refers ,to the electrical char- 
acteristics of these zones. 

HoMosPHERE AND HETEROSPHERE. — Sometimes, scientists refer to 
upper altitudes as the heterosphere (sphere of separateness) and 
to lower altitudes as the homosphere (sphere of sameness). In the 
homosphere, as we have rioted, air is an even mixture with the 
proportions 78 percent nitrogen, 21 percent oxygen, etc. Above 
50 miles, in the heterosphere, the different molecules tend to form 
separate layers because of their different atomic v;eights. Thus, 
at one altitude, oxygen will predominate, and, at another, nitro- 
gen will l»e well above its normal proportion of 78 percent. The 
gradual weakening, of the earth's force of gravity at high altitudes 
is one rea$on for the formation of the heterosphere; the thinning 
of the atmosphere itself is another. As they move about, molecules 
have fewer collisions with other molecules, and these collisions are 
necessary to keep the molecules in a state of mixture. 

Phenomena of the io>iosphere. — Let us return to those electric 
peculiarities that give the name "ionosphere" to the upper atmos- 
phere. Why is it at times ablaze with northern lights or other 
spectacles? Why does ' have reflecting layer" that aid man in his 
long-distance radio communications? And Wi-y does it so^netimes 
black out or garble radio communications or cause magnetic com- 
passes to spin instead of pointing steadily at the magnetic north? 

To understand both normal ionospheric behavior and sudden 
icnospheric disturbances, or SID, as they are called, certain un- 
Jerlying facts must be considered. Let us be&in with the atom. 

The atom reviewed, — ^An atom contains almost all of its mass 
in a central body or nucleus, which is a tight cluster of smaller 
particles called neutrons and protons. Neutrons have no elec- 
trical charge, protons carry a positive electrical charge. Around 
this central body, negatively-charged electrons whirl in all direc- 
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tions. These electrons are so tiny that scientists formerly believed 
thar they had no mass — ^that they were mere sparks of energy. 
,Now, it is generally agreed that an electron has mass, approxi- - 
mately 1-1900 that of a proton or neutron. Electrically speaking, 
^ however, the proton and electron are. equal, one charge bal- 

ancing the other. A normal atom is electrically neutral because 
the number ot electrons exactly equals the number of protons. 
For example, a nitrogen atom has a nucleus containing seven 
protons and seven neutrons, giving it an atouuc weight of approxi- 
mately 14 and an atomic number of 7. (The latter refers only to 
the number of protons.) 

The ion, — With this basic review, we turn now to the ion, 
from which the)ionosphere gets its name. An ion is an atom that 
carries a positive or negative electric charge as a result of losing 
or gaining one or more electrons. The name is also given to a 
free electron, proton, or other charged «iubatomic particle (particle 
smaller than an, atom). Therefore, the ionosphere includes those 
zones of upper atmosphere and near space in which there are 
many charged or ionized atoms, together with nuro'jrous free elec- 
trons and other charged subatomic particles. These ions concen- 
trate in, certain layers to reflect radio waves of a ^ven range or 
frequency. 

Causes of ionization. — What causes ionization (the production 
of ions)? In the ionosphere, the main causes are the powerful 
ultraviolet radiation of the Sun, and the ultra high-frequency 
cosmic rays froip the stars of outer space. Beyond the shielding 
effect of the thicker atmosphere at lower levels, these radiations 
attack the scattered atoms and molecules of nitrogen, oxygen, and 
other gaf.es and ionize the electrons on the outer rims of the atoms. 

Sunspots, solar flares, and other disturbances on the surface 
of the Sun produce fluctuations in the output of the Sun's rays. 
These, in turn, f5roduce SIDs and other variations m the behavior 
of the ionosphere. The normal rhythm of nights and days also 
affects the behavior of the ionosphere. SIDs, for example, will 
produce excess electrons in the atmosphere, and these will absorb 
radio waves. The magnetic forces of the earth, which contains 
much iron within its solid mass, also have an affect on the be- 
havior of the ionosphere. It is the interaction of solar radiation 
and the earth's magnetism that produces the aurora borealis and 
aurora ^ustralis. Particles stimulated ^by SIDs travel swiftly toward 
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the earth's two magnetic poles and produce these glowing dis- 
plays. We discuss this effect further in the next section because 
the Van Allen radiation belts play an important part in pro- 
ducmg it. 

The ionosphere is generally regarded as a zone extending up- 
ward to more than 300 miles (some sources say 600 miles). 
-At these altitudes, as you know, we arc well beyond the zone 
where an atmosphere with any kind of substance* exists. A name 
applied to space beyond the earth's atmosphere is exosphere (out- 
side sphere)i The ionosphere blends into the exosphere. Yet, as 
you have seen, the exosphere is no dead vacuum. It contains 
electric energy and subatomic particles. This is especially true of 
the next zone outward. 

The Magnetofphere (Van ADen Radiation BeHs) 

In 1958, a University of Iowa physicist, James A, Van Allen, 
announced the discovery of a large zone of space filled with elec- 
trically charged particles, extending far beyond the limits of the 
ionosphere. This discovery was made with instruments of Ex- 
plorer I, the first US earth .satellite. Numerous other satellite 
and sounding rocket probes and scientific studies of the so-culled 
Van Allen radiation belts have been made since then. 

Causes and behavior. — Like the ionosphere, the Van Allen 
radiation belts are filled ^yith charged particles. Also like the ionos- 
phere, the Van Allen belts are the product of interaction between 
radiations from the Sun and the magnetism of the earth. Thus, 
spme scientists regard these belts as an extension of the. ionosphere. 
The particles are different from those prevailing at lower levels, 
however. They also behave differently and fall into different pat- 
terns. Another name for these outer zones of radiation is the 
magnetospliere» 

The solar wind. — The charged particles come mostly from the 
Sun. A few may drift in from outer space. The flow from the Sun 
consists of a loose mixture of mainly protons and free electrons 
called a plasma, of much thinner consistency than a gas. The 
flow has an average speed of somewhat more than a million miles 
per hour, but, after a solar flare or other disturbance, both the 
number of particles and their velocity increases. The flow actually 
has a small degree of physical force that led to its name, the 
solar wind. Some years ago, the solar wind drove huge balloon* 
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like satellites of the B:ho series off their predicted courses. Some 
scientists believe that a space ship could be designed with a solar 
sail to use the solar wind for propulsion. 

Belt formation. — When these particles come under the influence 
of the magnetic forces of the earth, some are trapped in the Van 
Allen belt pattern, and others are diverted around the earth. The 
particles within these belts whirl around the earth in a spiral course 
as they travel from pomts above one magnetic pole to points 
above the other pole. As they descend into the ionosphere above, 
the magnetic poles, they help to produce the aurora borealis and 
aurora australis. 

Structure.— Figure 21 shows that the Van Allen radiation belts 
arc shaped somewjiat like inner and outer doughnuts surrounding 
the earth over the fequator and middle latitudes. Inside these 
doughnuts, the charged particles whirl between the magnetic poles 
as described above. Since the magnetic poles are some distance 
a>yay from the geographic poles of the earth, there are radiation- 
free zones above the poles, generally within the circles of 70® 




Figur* 21. Th» Von Ail«n Radiation btlts moy b» hozordous to spoct posstngtrs 
if th«y ore «xpo$td to th» rodiotlon$ for prolonged ptnod$. 
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latitude north and south, corresponding to the hole in the outer 
doughnut. 

The inner doughnut begins at altitudes varying from 2S0 to 
600 miles and extends outward to approximately 2,S00 miles. In 
this zone, radiation is heavy, and it tends to be more constant, 
keeping at the same level for periods of several months to several 
years. 

The outer zone begins just beyond the inner zone and extends 
outward to approximately 40,000 miles. It is noted for its wide 
fluctuations in radiation intensity, varying from day to day and 
even hour to hour. An extension of the outer zone in the direction 
away from the Sun is called the earth's magnetic tail. It is a flow 
of electrons, weak but extensive, reaching into space many thou- 
sands of miles beyond the outer Van Allen belt. Some say its 
influence is felt a2 far as the Moon. m- 

Radiation hazards. — Radiation wuhin the inner Van Allen belt 
is quite intense and can be dangerous to men aboard space ships.* 
The heaviest concentration of radiation and the most dangerous 
region for man is located over the equator at approximately 1,500 
miles altitude. Astronauts on their way to the Moon pass through 
the Van Allen radiation belts so swiftly that their exposure to 
the radiations is held within the limits of safety. However, manned 
earth-orbiting missions must stay below 250 to 300 miles altitude 
to avoid dangerously prolonged exposure to the radiations. Even 
if the vehicles wer^ more heavily shielded to protect their pas- 
sengers against radiation, the weight of this shielding would de- 
mand much more powerful rocket propulsion than is presently re- 
quired. For the present, unmanned satellite and rocket probes 
are still the best means of exploring the magnetosphere. 

A lesser problem is that the radiations in the more intense 
belts adversely affect communications equipment in satellites travel- 
ing within them. The average life of such equipment aboard a 
satellite orbiting within the inner telis is about a year. Such equip- 
ment aboard synchronous satellites (vehicles that hover over the 
equator apparently motionless because they are in precise 24-hour 
orbit) has a life of many years, even though these satellites orbit 
within the outer Van Allen belts at an altitude of 22,300 miles. 



•GLOSSARY NOTE, p'adlatlon 1$ not the same thing as radioactivity* which Is the produc- 
tlon of radiation by the e^cpulslon of particles stich as protons and neutrons from the nucleus 
of an unstable atom. The Van Allen belts trap radiations (In the form of loose chanted 
partldes) but tnake none; hence, they are not radioactive. 
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iteyond the Van Allen radiation belts lies a vast area that we 
can simply call interplanetary sp^cc. However, it is the realm of 
the solar wind. It contains a sprinkling of hydrogen (Hg) mole- 
cules and numerous subatomic particles that energize the earth's 
radiation belts and outer atmosphaerei 

THE MOON 

Tliroughout man's history, the Moon has been an object of 
wonder, superstition, philosophical thought, and, eventually, 
scientific study. Astronomers have learned much by using tele- 
scopes and other earth-based instruments, 'but, as they have 
found the answers to some questions, they have found many 
more questions. More recent findings from unmanned Soviet 
and US Moon probes, lunar orbits, and soft landings have also 
provided more data and more unanswered queistions. Today, we 
live in the era of manned lunar exploration. Moon walks may 
also confirm data from past discoveries, add some surprises, and 
pose new questions. No doubt, the most important scientific re- 
sults of the Moon walks will come from a study of rock and dust 
samples returned to earth. Some interesting findings have already 
been announced, but long programs of experiment and study with 
lunar samples are required before the full scientific value of the 
Moon trips can be realized. Study of the lunar samples and 
scientific reports indicate that significant differences of opinion 
about the Moon continue to exist in the scientific community. 

Astronomic^] Characferistics of the Mooo 

Perhaps the most notable thing about the Moon as man has 
observed it through the ages is its apparent size, due, of course, 
to^its nearness. Of all the heavenly bodies, the Moon and the Sun 
are tht only two bodies seen by the naked eye as discs with 
measurable diameters. The Moon has an apparent diameter almost 
exactly the same as that of the Sun. Thus, during a total eclipse 
of the Sun, the Moon completely covers the Sun's disc but 
leaves visible the Sun's outer rim or corona. 

Orbital behamor. — The Moon orbits Earth in an elliptical 
(oval) path that places it, in round numbers, 253,000 miles 
away at apogee (furthest distance from the earth) and 222,000 
miles away at perigee (nearest distance from the earth). The 
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average distance is 238,000 miles. Tiie Moon travels around the 
earth at an average speed of 2,280 mph. It travels faster near 
perigee, and sloWer near its apogee. Its period of orbit is 27 earth 
days, 7 hoiirs, and 43 minutes. Because the Moon rotates in ex- 
actly the same length of time as it takes to' revolve around the 
earth, it presents thfe same side toward the earth. 

This period of orbit/rotation does not coincide with the phases 
of the Moon (full moon, half Moon, crescent Moon, etc., as we 
see them from the earth, for these phases hav6 an average cycle 
of 29 days, not 27 Y^. At full Moon, for example, the Sun, 
Earth, and Moon are almost in a straight line. (If they were ex- 
actly in a straight line, there would be an eclipse of the Moon.) 
In another 27% days, the Moon returns to the same position as 
observed from the earth against a, background of Stars. The earth, 
meanwhile, has traveled about 27^ in its orbit d^i the Sun. There- 
fore, It will take two more days for the Mooii to fall into line 
with both Sun and Earth and again be seen as fuU.* 

Because of the Moon's elliptical orbit and variations in its speed 
of travel, observers on Earth can see at different times about 59 
percent of the Moon's surface rather than just half. In 1959, a 
Soviet unmanned space vehicle transmitted . the first photographs 
of the hidden side of the Moon. Since then, the far side has been 
repeatedly photographed by both Soviet and American spacecraft 
from both high and low lunar orbits. (Figures 22 and 23) 

Mass and gravitation.— The diameter of the Moon is 2,162 
miles, somewhat more than a fourth that of the earth. As we have 
noted, the two bodies compare in size as a tennis ball to a basketball. 
The Moon's volume is about Vno that of the earth and its mass about 
Vsi-** Therefore, the Moon's density is less than the density of the 
earth. 

The pull of gravity on the Moon is about % that of the earth. 
Therefore, a 150-pound man would weigh only 25 pounds on the 
Moon. If you have seen Moon walks on television, perhaps you 
have noted the peculiar loping gait of astronauts traveling on 
foot over the Moon's surface, even when they are burdened by 

*Thc toilUr term lunar rronth can mean cither the 27i/^day or the ^ , iTU.d^y 
the 27^.day period is preferred ui»|e. More technical terms arc sidereal month for the 27i^.d«y 
peilod and synodic month for the 29i/raay period. .noavinu nf bodiet 

••GLOSSARY NOTE. Mass is a more accurate term than weltht when speaking ol Doaics 
In tmi; wefiht Is a measure of a body's na$$ under the Influence of iravity (see the next 

planet or body. 
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Figure 22. A view of tht far sidt of th« Moort taktrt from tht Apollo 10 lunar 
f modult. Tht idtntity of tht crattrs has not ytt bttn tstablishtd. 

_bulky space suits and oxygen tanks. This manner of walking is 
man's way of adapting to a low-gravity environment. 

It is natural to think that the earth, as the heavier body, 
holds the Moon completely within its gravitational grip. This is not 
quite so. As Sir Isaac Newton pointed out some three centuries 
ago, gravitation is the mutually attracting force of two bodies in 
space. The earth attracts the Moon as the Moon attracts the earth,* 
The force of the Moon on the earth is seenj^in the behavior of 
the ocean tides. 

Celestial mechanics.— If the earth attracts the Moon, why docs 
the Moon not crash into the earth? Actually, the Moon is con- 
stantly "falling" toward the earth, but it is also moving forward 
fast enough to keep it falling around the earth instead of into it. 
How or at what time in its distant past the Moon acquired this 
forward motion has been the subject of much scientific thought 
anr*. ^.^ument, but we must consider this question still unanswered. 



•GLOSSARY NOTE. Note how gravjutlon differs from travity Gravitation describes the 
behavior of bodies In space. Gravity describes the effect of ffravitation at felt on the surface 
of the Earth - or the Mocm or other planet. 
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Man-made spacecraft and satellites orbit the earth with their for- 
ward velocities provided by rocket launchers. And, in the same 
manner, the earthj and the other planets orbit the Sun. Again, the 
reason for the forward velocity that prevents them from falling into > 
, the Sim is an unanswered question., / 

Any body orbiting another body in ^space fs 'called a satellite/ 
The Moon is a satellite of the earth, and so is any^an-in^e 
instrument package or manned vehicle hurled into orbit by rocket 
thrust. The earth andl)ther planefs are satellites of the Sun. The 
Moon, orbiting the, Earth as the 1 Earth orbits the Sun, describes 
a spiral in interplanetary space. The complicated gravitational laws 
that govern the behavior of bodies in space and determine the 
pajhways in which they travel are ^ cajled , celestial mechanics. The 
basics of celestial mechanics were discovered hundreds of years 
ago, long before the age of space exploration. The findings of 
Kepler, Galileo, and Newton in the seventeenth century made the 
flight paths of space ships and the gait of Moon walkers predictable. 

Afoycpm.— However, other data in Moon gravity have been ac- 
quired iji recent years. Unmanned lunar orbiter flights from 1965 
through 1967 detected slight irregularities in the gravity of the 
Mo6n, Apollo 10 (a manned lun'ai^ orbital flight) made a fur- 
therj study \)f these irregularities in' late 1968. These irregularities / 
were attributed to mascons, uneven concentrations of mass be- ' 
neath the surface of the Moon. One theory about mascons is that 
they ^ are large meteorites imbedded beneath thcv surfa^. Another 
is that they are lava -flows submerged beneath the /crust, 

t Surface t Characteristics of the Moon 

As ^observed from the Earth with the naked eye, ihe full Moon 
appcar^s to have a smooth surface, blptchy with light and dark 
areas. Observers from ancient times have seen 2f human face 
in this, mottled appearance, giving rise to folklore' concerning a 
"man in the Moon" or a^girMn tJieJ4cK)ii^^ viewed with a 
telescope, the^ng}iiter~areas of the Moon appear rugged, with nu- 
merous ^ craters and mountains. The darker areas are smooth 
areas called maria, Latin for "seas." (The singular ii mare^ These 
are not Known to be barren plains, but, centuries ago, theys^werc 
actually Relieved to be seas. Photographs taken from orbiting sp^ce- 
, craft shOjW that the hidden side of the Moon is generally more 
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rugged I than the side/ facing the earth, with many mountains and 
craters ^and an'^almoat total absence of maria. (See Figure 2i2.) 

As seen from the earth, the Moon varies in color from orange 
to silver, but these variations are due .to the Earth's atmosphere. 
An astronaut's clpseup view of the Moon reveals it as dull gray 
in color. The maria appear darker than the highlands because their 
surfaces of firmly packed dust absorb' more light than the hard 
roct surfaces of /the highlands. 

, Absence of, Atmosphere. — If the Moon ever had an atmosphere, 
It lasted for otily a short period. Its mass is too small and its gravity 
too Weak to hold an envelope of gas around it. Therei may , be 
traces of heavy gases here and tlierc, but, on the whole, the 
Moon's enviromrient is a vacuum. 

Eiiect of v/.s/ft///r>'.T— Absence of atmosphere permits us to observe 
the surface of the Moon and study its details through a^ telescope. 
(Man in space, as we now know, gets no such vie\v; g&^Jhc .Earth, 
for, at any given time, much of our planet is shrouded with cfouds. 
See Figure 24.) Since atmosphere diffuses light, the absence of 
atmosi^here. causes extremely sharp , contrast between light and 
shadow. In the past, astronomers Jiave overestimated the heights 
of mountains and the depihs of craters on the Moon because of 
the black shadows cast by these features. ' i ' 

Ejject on temperature, — Man, of course, must carry his o^n oxy- 
gen supply with* him and wear a bulky. space suit as he walks ^ 
ijpon the Moon. He must be surrounded by an envelope of at- 
^mospheric pressure inside his space suit and insulated against the, 
Moon's daytime, heat, which can rise above 250° F. The space 
suit is white fp reflect as much heat as possible. During the 
Moon's night, the temperature drops to another extreme, almost 
-250° F. Again, the absenm: of atmosphere accounts for these 
temperature extremes. s 

Effect on topography. — Tne absence of atmosphere also affects 
the Moon's topography (physical surface features). This, of course, 
explains why the Moon is a barren desert. The Moon's general 
ruggedness is due. in part, to a lack of wind and water to smooth 
its features by erosion (wearing away). As we learned in Chapter 
I. atmosphere acts as a shield to protect the fcarth from most 

74 

0 



FROM THE EARTH TO THE MOON 




ngurfr 24. Cloud covtr obscures much of 't)^e eortt/s surfoce when viewed from spoce. 

mefeoroids,* which burn up firom air friction as meteors* befoxQ 
they can reach the surface. The Moon has no such shield, and 

"ntists believe that manylif the Moon's craters were caused by 
large Inrieteorites* slamming into its surface full force at some dis- 
tant time in the past. 

Lunar topography. — The topography of the Moon is markedly 
different from that of the Earth. Its barrenness suggests deserts 
similar to those on the earth, but the profusion of craters, the 
maria. and certain small features are - unique. 

Craters. — The Moon is covered by craters of all sizQ^s, rang'ng 
from a few feet in diameter to almost 150 miles. There are over- 
lapping craters and crat-% within craters. The larger craters have 



•GLOSSARY NfOTE A ^txunk of matter in spate is ^jlkd a nn'tcnrotd When K k 

dr.iwn »nro ihi larthS atmo^pher*. and is htai.d Jo a vivibk ylow h> frutiot, it btcome^ n 

mc.cor or shooting Mar If a remnant of it rtacht^ the ^urfjct of the larth. it is called a 

meteorite The term mt.iiMnt( aiII b< u^+d m this, chapter tu dk^cribi mas,\cs of matter 
Hirikink the moon 
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surrounding walls that average SfiOO feet above the surrounding 

terrain but 4,000 feet above the floor of the crater. Tlie hidden 

kide of the Moqii is more cratered than the visible side. Now 

that man has seen. them at close range, even the ^'smooth" maria 

are pockmarked with many small craters and shajfow depressions. 

As is true of almost any other feature of the^^oon, the origin 

of craters is an unsettled question. Some are believed to be of 
I . . . f . . ' 
• volcanic origin,, similar to volcanic, craters on ^arth. Some may 

pi^pently be active, volcanos. One Sqviet astronomer claims to have 

witnessed a volcanic eruption on the Moon in 1958.* Another 

type of MoDn crater, called a caldera, isy/also believed to be of 

volcanic origin. This type of crater probably formed when lava qx- 

,ploded through^ the crust and then f^ell baciT to form mounds or 

mountains within the crater. ^ 

Most experts beiieve that the majority of Moon craters, in- 
cluding some of the largest, were formed by collisio ns^ with meteo r- 
ites and, larger bodies called asteroids. According to this theory, 
the ^size of the meteorite can be but a tiny fraction of the size of 
the crater that it makes. Given .enough velocity, a solid object will 
explode like a bomb upon impact. It is estimated that an iron- 
nickpl meteorite 2,00iLfeet irudiameter,. traveling at a speed of 10 
, mile^ per second, can produce a crater 60 miles in diameter. 
Possibly, the maria, many hundreds of miles in diameter, may' 
have beert"tormed in this manner. 

Qrtain large craters, notably Tycho, Copernicus, and Kepler^ 
have^ white streaks or rays, radiating outward in all directions, 
seen only when the M6on is full. jThese white streaks may be 
deposits of white dust thrown out when these craters were formed, 
cither by volcanic action or by the impact of meteors. Since these 
, rays^ cross straight over other Moon features, their formation was 
probably more recent than that of other features. 

Maria. — ^The "seas" of the Moon are large, flat areas several 
hundred miles across, and their origins are perhaps the , most 
baffling of all' the Moon's secrets. At least, they bring up the same 
question as that concerning the origin of craters, are they due 
to the impact of meteorUes, or are they volcanic in origin? Some 
scienjists say both. The Mare Imbrium (Sea of Showers) is a cir- 
cular mare approxiroately 750 miles in diameter, situated in the 
fiorthern part of the Moon. It shows evidence that it was formed 
from the impact of a large asteroid. Other maria, however, show 

\ 
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evidence of volcanic origins. The Mare TranquUHati (Sea of 
Tranquility), scene of the first Moon walk,, and the Oceanus Pro- 
cellanim (Ocean of Storms), scene of the second, are believed 
to have vast flows of hardened lava (molten volcanic rock) 
beneath their layers of dust. 

Neither theory can settle the question of how the dust covering 
these and other maria came into being. Most sand, soil, and dust 
deposits on earth are formed by the grinding effect of wind and 
water erosion and transportation by wind and water. Since the Moon 
has no weather, how can any part of its surface ,be overlaid with 
dust? Explosive meteorite impact, pulverizing rock for many miles 
around, is one explanation. Slow accumulation of cosmic dust is 
another. The latter explanation means that space contains dust 
particles, which, over a period of several billions of years, could 
be attracted to the surface of the Moon and accumulate there. 

Why are dust-covered maria concentrated on the side of the 
^ Moon facing the earth and not on the hidden side? Nobody really 
knows. One answer was suggested at the Houston conference of 
January 1971. Earlier in this chapter, we described the Earth's 
magnetic tail as a flow of electrons into space. Possibly, said one 
scientist, this could induce attraction of cosmic dust to the Moon 
surface facing the earth by static electricity. The theory, however, 
was challenged by other scientists. 

Other feature^-^Thc Moon has very rugged ridges and mountains. 
Most of them are less than 10,000 feet high above the surround- 
ing surface, but one isolated mountain named Leibnitz rises 30,000 
feet above the surrounding area, towering higher ,than the .highest 
mountain on the Earth, 29*000-foot Mount Everest. 

RiUes are peculiar, long, irregular troughs. Some are narrow, 
like ^mall dry stream, beds, but Hadley*s Rille, explored by the 
Apollo 15 astronauts is 1,200 feet deep and one mile in diameter. 
These arc features discovered only in recent years since closeup 
views of the Moon from spaceships became available. Possibly, some 
of the smaller rilles were traced by huge rolling boulders tossed 
from a volcanic eruption or a meteorite impact. Larger , rilles are 
believed to be carved out by lava flow. Figure 25 shows a valley 
with a rille in the middle, crossing a mountainous area and en- 
tering a mare. It looks somewhat like a river valley flowing into 
a sea on Earth, but it is not explainable as such. 

Germs on the Moon?— The Moon is probably completely devoid 
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Figurt 25. Hodit/ Rill*. tIu is ont of tht most conspicuous lunor riilts vitwed with 
•orth*bostd ttltscopts. Tht rilit mtondtrs through tht mort moteriol of Polus 
Putredinius/ opproximottiy poroliel to tht Ap«nnint Mountoint which rise obovt tht 
mort surfoct to mort thon 8,000 fttt. 
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of life in any form. Howevei , the absence of atmosphere and vis- 
ible water does not rule out C9mpletely the possibility of water 
beneath the Moon's surface at some locations; nor does it rule 
out the possibility of a very low order of life, such ,a's bacteria 
or other one^celled cteatures. Could these be dangerous disease 
germs? Astronauts of Apollo 11, 12, and- U were quarantined 
for two-fweek periods after reXurning ^n^the Moon voyages. 
Their quarantine was a safeguard againsr^ possible epidemic of 
an unknown disease from a Moon organism, against which man 
had no natural or medical defenses. Even then, scientists consid- 
ered the chance of such an occurrence extremely remote and, 
after further study of' the problem, lifted the precaution in April 
1971, 

Moon dust. — ^The dust Aat covers the maria and other surfaces 
of the Moon has interesting physical and chemical properties. 

Physical properties. — Scientists knew before the Moon walks that 
suitable landing areas vvere covered with dust, which could be 
several feet thick. They feared that this dust would not provide 
a finn landing site for a space vehicle or affirm footing for a Moon- 
walking astronaut. However^ photograjAic and other evidence 
supplied by five unmanned Surveyor vehicles that made soft land- 
ings on the Moon in a 1966-1968 program were reassuring. There 
would be no danger that vehicle or man would sink into lunar 
quicksands. Astronauts themselves later confirmed that Moon dust 
provided a firm base for walking and for vehicle landing and take- 
off, including rocket blast. With no air between them to act as 
**ball bearings," dust grains on the Moon cling to each other and 
form a firm but compressible mass, capable of supporting several 
pounds per square inch. Although utterly dry, the dust has a con- 
sistency somewhat similar to that of damp sand. Man leaves shal- 
low but distinct footprints as he walks on the Moon. These are 
permanent mementos of his visit, for there are no winds, or rains 
to erase them, . . c 

In November 1969V the Apollo 12 lunar mcWuIe landed in the 
Ocean of Storms near the Surveyor 3 vehicle, which had been un- 
disturbed for 31 months. The astronauts returned to Earth with 
pieces of the Sui^veyor vehicle for laboratory study. It was then 
discovered that certain surfaces of the vehicle had been sand- 
blasted Careful analysis of photographs and other evidence showed^ 
that these surfaces had been facing the lunar module. There was 
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only orfe possibl? explanation for the sandblasting effect. The 
rocket engines of the ApoUa 12 lunar module firing downward to 
provide braking for a soft landing, disturbed particles of Moon 
dust and propelled them across the<3200 yards between the two 
vehicles.' The velocity of the dust particles was estimated at 70 
meters per second minimum, approximately 155 mph. This was 
much faster than such particles would have traveled on Earth 
through atmosphere and under stronger gravit). The Apollo vehicle 
came down on lunar terrain somewhat higher than the location 
of Surveyor 3, and the trajectory of the particles was low and 
direct. (Figure 26.) • * ^ ^ 

Of what significance is this information? For example, how will 
it help us fo know more about the origin of the Moon or some 
of its surface features, or something even more practical? Science 
is never hasty with such questions. It is a process ot endlessly col- 
lecting bits and pieces of data and fitting them together with pains- 
taking work. The behavior of dust particles disturbed by rocket . 
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blast is information that may possibly be useful some day. We cite 
'this example only suggest the way in which scientific knowledge 
slowly advances in the laboratory between the spectacular adven- 
tures of astronauts. 

Chemical properties.— ExpctirnQnis with Moon dust samples re- 
turned by Apollo II and 12 have already produced some sur- 
, prises. In repeated tests, core samples (subsurface dust) from 
Apollo 11 had a sterilizing, antibacterial effect almost as strong as 
that of a typical mouthwash. However, the surface saigple from 
the same mission did not produce this effect, nor did^euher core 
or surfa.ce samples from Apollo 12. Thus, we have one more 
of many new Moon mysteries to aoi to the old. 
. In another series of experiments, a botanist growing plants in 
a liquid medium in a laboratory found that widely varied ^lant 
species, ranging from liverworts (a primitive plant related to moss) 
to tobacco and 6orn, grew more rapidly and looked healthier whjn 
pinches of Moon dust were added to their food. The botanist 
suspects that this fertilizer effect is due to a lack of atmosphere on 
ithe Moon. Earth soil, expose^ to atmosphere for long ages, 
probably has undergone certain very slow chemical changes that 
reduced its plant-fertilizing power. The chemistry of Moon dust 
has probably been unchanged for billions of years. The practi- 
cal value of this discovery is a long way from -reality. Either 
farming oa the Moon or bringing back tons of lunar fertilizer is 
obviously impractical. (Figure 27.) 

Origins and History of the Moon 

How did the Moon come into being? How old is it?«How did 
it get trapped into its apparently eternal orbit around the earth? Be- 
fore the advent of the Moon walkers, there were various con- 
flicting answers to the i questions. These theories are still in con- 
flict today. 

Evidence pf age.— Rock samples brought back from the Moon 
tend to support previous estimates that the Moon is approximately 
five billion y^^rs old. The age of a sample can be estimated by 
comparing its radioactivity with a known rate of radioactive aecay ' 
for certain elements that it contains. Most samples from the Moon 
are estimated to be about 3.5 billion years old. One •>ample re- 
turned by the Apollo 12 expedition has an estimated age of 4.5 
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Figur* 27. S«vtrpl vprittiti of plonti shown In tht p!'ant laboratory of tht Manntd 
Spaweroft Ctnttr. Thtst plants wtrt <ixpo$td to lunar material for 35 days btfort 
this picture was made. The back row from left to right ihows radish and cabbage, 
lime and other citrus, and wheat and bean plants. The front row (I to r) includes 
radish, so ghum, canteloupe, and watermelon. 

billion years. (Figure 28.) Another sample, taken from the high- 
land slopes at the edge of the Mare Imbrium in August 1971 
(Apollo 15), is believed to be even older, but, at the time of this 
writing, no laboratory tests have been performed on it. 

MooN-SEP/,.^TioN (Darwin) THEoRY.-r-Sir George Darwin, 
an English astronomer (son of Charles Darwin), developed a theory 
in the late nineteenth century that the Moon was once part of the 
Earth. According to this theory, the Earth, soon after its formation, 
was a sphere of molten rock spinning very rapidly, the gravita- 
tional pull of the Sun, combined with centrifugal iorce (outward 
force in a spinning or turning object)« could have caused a huge 
portion of the earth to fly off and form a moon. Supporters of 
this theory- believe that the Pacific Ocean occupies the great 
hole left in the side of the Earth as a result of this separation. 

Criticisms of the Darwin theory, however, .have beei. plentiful. 
One group of critics believes that it is impossible to set up a tide 
in a liquid sphere equal in mass to the earth, strong enough to 
cause a mass equal to the Moon to separate. If it were possible 
such a force would have torn the Moon to pieces. Evidence of 
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rock and dust samples from the Moon has not settled this question. 
Chemical analysis shows that these samples are made of the same 
elements as those found on Earth, but some experts find the 
samples too rich in such elements as zirconium, strontium, barium, 
yttrium, . and ' titanium, which are somewhat rare on the Earth. 
Nevertheless, the Darwin theory still receives the support of some 
qualified experts. 

Other hot gaseous theories.— Other theories hold that the 
Earth, Moon, and the other planets formed from hot gaseous 
inatter, which slowly liquified and condensed. One such theory is 
that the whole solar system was torn from the Sun by .a colli- 
sion, or near collision with another star. The total mass of all 
the planets, moons, and smaller bodies in the solar system is 
hardly one\percent of the .mass of the Sun. Therefore, certain 
objections tb this theory similar to those against the moon-sep- 
aration theoryar^ not raised. Another theory, however, holds that the 
gaseou|p^it6FScame;^om elsewhere than the Sun. 

AccRE-rt^N THEORIES.— Another group of scientists discounts all 




Figurt 28. A $ampl» of Moon rock btlUvtd to b« 4,6 biliion yart old. 
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theories that the Earth, Moon, and other bodies began as hot 
gas that passed through a liquid stage before forming a hard crust. 
Instead, they believe that the Earth, Moon, and other planets be- 
gan as small chunks of matter, like the meteoroids and asteroids 
that abound in some parts of the solar system, and grew by grad- 
ual accumulation of solid particles of matter, much like rolling 
snowballs. According to various theories, the space around the Sun 
was filled with a cloud of dust; others say larger pieces of matter. 
When particules collided with each other, they tended to stick to. 
gethcr. Through a process of slow growth called accrerion, the 
larger bodies, thus formed, would gradually sweep the solar system 
almost clean of smaller particles as they circled the Sun. Since vol- 
canic activity on earth indicates that the earth has a hot molten 
•core, and there is strong evidence that the same is true of the 
Moon, how would the accretion . theory account for such hot in- 
teriors? Buildup of heat by pressure as the body grows by accre- 
tion seems to be the answer. 

Theories on orbital capture*— The Darwin theory holds that 
the Moon orbits the Earth as a result of. the cSntrifugal force 
that it acquired when it was torn free of the ea^h. Almost all 
other theories agree that the Earth and Moon wej? formed sep- 
arately, together with the other planets of the solar system ^and 
most of their moons. The Moon was once a smalF planet traveling 
^ in its own orbit around the Sun until it wandered close enough 
to the Earth to become a satellite of the Earth. 

One can be thoroughly bewildered by all these conflicting 
theories and unanswered questions. We have noted, al^o, that al- 
most any theory about the origin of the Moon will involve a 
theory about the origin of the whole solar system. In the next 
chapter, we survey the larger worlds beyond the solar system 
and our Milky Way Galaxy. 



WORDS, PHRASES, AND NAMES TO REMEMHER 



Appletqn- Region 
asteroid 
atomic number 
atomic weight 



accretion 
apogee 



aurora borealis 
aurora aus.tralis 
caldera 



celestial mechanics 



centrifugal, force 
core sample 
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corona (of sun) 
cosmic dust 
cosmic rays 
Darwin, Sir George 
electromagnetic waves 
electron 
exosphcre 
gravitation 
gravitational field 
Hadle/s Rilic 
heterosphere 
homospherc ^ 
ion 

ionization . 
ionosphere 

Xennelly-Heaviside layer 
Java 

liverworts 
lunar month 
magnetic pole 
magnetic tail 
magnctosphere 
Marconi, Gugliclmo - 
marc (p|. maria) 
Mare Tranquilitati 



mascon- 
mass 1 
meteor 
, meteorite 
mcteoroid 
neutron 

Newton, Sir Isaac 
nucleus (of atom) 
Occanus ProceJJarum 
perigee 

Piccard, Augustc 

plasma 

prpton 

riile 

satellite 
sidereal month 
solar wind 
sounding rockets 
subatomic particle 
SJDs 

synodic month ' 
thermosphgre 
topography^ — ^ 
Wan Allen, James A.. 
Van, Allen radiation belts 
^yeight (cf. mass) 



QIESTIONS 
SrioSpKeT"'' >f-d .0 discovery of 

2. Why is shortwave radio favored for long-dis.anee eommunieatrons .oday? 

3. In wha» fashjon migh» (he earth eventually lose Us atmosphere? 
i. How are Ions created in the upper atmosphere? 

5. What are the hazards of the Van Allen radiation belts for astroniuts?" 

6. If^he Earth attracts the Mobn. why does the Moon n^t crash into the 

7. Explain how the lack of a.n.osphtre ha? affecled the Moon's topography. 
«. Describe the physical properties of Moon dust. Why Is a bed of M„„n 

dust not likely to be a dangerous quicksand? ^ 
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9. D«scribe , wmt thtorits on th« formation of tht Moon craW called 

10. BMically. >*h.t is Sir Gtorg* p.r>vin's theory regarding the origin of the 



Mpon? Whiit are some 



other theories of the Moon's origin? 



r m N G S T 0 I) () ' 

1. Construct a topographical three-dimensional model of/^i Moon. M 
excellent map of the MoonS .surface can be found .n 
of A^lronomy by Patrick Moore. Grosset and Dunlap. New York. 1961. 
and other .similar source.s in your school library. v 
" Suggested materials: Lare<i plastic, styrofoam. or other- type-^-of 
solid ball cut in half, plast'er. flour, salt, and water paste, or other 
mdding material that will adhere to the ball to form craters, maria. 
rilles. and so on. • y , ' 

Using your model- Of the Moon, design and ^ndiuci a lunar obscrvatiotj 
post br^ Moon colony based on what you have read about future uses of 
the Moon for space exploration. 
Suggested materials: Paste or plaster, cardboar^l, match boxes, balsam 
wood, aluminum foil, and other construction materials. 



2. 
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Chapter , 5 



The Worlds of Oul^r Space 



■fWl-^^^^W^ ■yW^^^W > l^^^^n^^W^^B? '^W^BfO^^^^^^H^PW^Bf^J- 




T N THIS .FINAL CHAPTER, we explore 
^ the worlds of inteiplanctary and instellar 
space, discussed briefly in Chapter 1. 

Quite possil^ly^ man will jounicy through 
interplanetary , space within yOur own life- 
tint'?. Tr ivel oeyond the solar system into 
other sol \t systems has long been one of the 
themes of science fiction. Modem scientists 
have only begun to develop plans fdr in- 
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tcrgalacticT excursions. Meanwhile, man continues his centuries-old 
sti^dy. of astronomy, scanning the heavens and learning more about 
tl^e universe from ground observatories. Whether or not these 
^tudies pave the way for manned space travel beyond our solar 
^ system, unlocking the secrets of the worlds in outer space helps 
us. to knpw more about our own *w6rld. 



/ 

' / INS FRl Ml NT.S AS l UONOMV 



/ 

/ 



Maa has long depended on. grpund-based instruments for his 
knowledge of the heavens. With optical telescopes, together with 
spectroscopes and other accessories, man^ has been dble to locate 
heavenly b6dies, analyze their chemical content, and jneasure_ 
their brilliance. Radio telescopes provide additional t data on the 
pla'nets* stars* and space surrounding them. 



/ 
/ 

*6 



The Optical Telescope 

The oldest, best kiioWh, and still the most useful instrument fox. 
scanning the heavensj jsj the optical telescope. Galileo, is often mis- 
takenly credited with^ |he invention of this instrument. The ac- 
tual inventor was a/Mtchman named Hans Lippershey, who de- 
veloped a simple tW-^ns spyglass in 1608. Galileo built similar 
telescopes in Italy soon afterward and used them to make im- 
portant astronomical discoveries, such as the craters on the Moon, 
the rings around Saturn, and the spots on the Sun. .(Figure 29.) 
Galileo's largest telescope could magnify objects about 33 times 
theii^ apparent size in one dimension known a$ 33 diameters, 
33 power, or 33Ar. /Later, in 1668,, the famed, English astronomer, 
,Sir Isaac Newloji, devised the first reflecting tdescope, using ja 
curved mirror instead of a lens as its ' main optical element. 

RErRACTiNG TELESCOPES. — ^For another two centuries or more 
^afte^r Newton*s invention, lens-type or refracting telescopes were 
superior to the mirror or reflecting type. Refracting , telescopes 
operate by bepding or refracting rays of light passing through tl|e 
lenses. A point source of li^ht, ^uch as a candle or a distai^t 
st^r, radiates jight in all directions. Wh4n light from such ^a 
s^^urcc falls on an ordinary flat window' pane, which has^ rio 
jimage-forming capability, the light coyers the whole area of the 
^ane, passes through the, glass7"and shines dimly but evenly 
across several square feet on an opposite wall. If, instead of 
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a window pane, a large curved lens is used, it bends or refracts 
light rays so that they converge at a given point on the opposite 
wall. (The opposite wall must be precisely located a certain dis- 
tance from the lens.) Thus> the rays from a candle would form 
a small intensified image of the candle flame on the wall. A film 
as in a camera or an eyepiece couM be placed on the wall to 
magnify the image for direct viewing. In a refracting telescope, 
both the curve of the lens surface and the composition of the 
different lens elements affect the degree to which the light rays 
V arc bent. By the end of the eighteenth century, refracting tele- 
scopes with lenses over one foot in diameter were in use. (See 
Figure 30.) 
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The two largest refracting telescopes ever created were built 
during the last decade of the nineteenth century — the 36-inch 
telescope at the Lick Observatory in California and the 40-inch 
telescope at Yerkes Observatory in Wisconsin. Scientists then 
realized that refracting telescopes much larger than these would 
create problems because the weight of the lens would produce 
image-distorting or blurred stresses inside the glass itself. Now- 
adays, smaller refracting telescopes are still built for special pur- 
poses, but the modem high-powered heavyweight telescopes are 
the reflecting type. 

Reflecting telescopes. — In a giant reflecting telescope, ligjit 
fron: a star falls across most of the area of its largest or. primary 




Figurt 30. Tht rtfroctor taUseopt bands or rtfracts roys of light thot pass through 
th« lansts. Whtn light passts through a Itns at tht top of tht tubt. It btnds the 
rays and dirtcts thtm to on tytpttct at tht lowtr tnd of tht tubo. Tho tytpltct is 
tquippcd with mognlfying Itnsts that focus and tnlarge tht Imagt. 
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Figure 31. On« typ« of rtfl«cting ttttscopt usts a largt concovt primary mirror at 
th* lowtr tnd of a long mstrumtnt tub«. Tht curvt of this mirror conctntratts tht 
light and rsflnds it to a point of primary focus at tht top of tht tubt. Slightly betow 
tht point of primary focus is a small, flat mirror v^hich dtfltcts btams through tht 
sidt of tht instrumtnt tube to a final point of focus calltd tht Ntwtoniah focus 
(Point N). An oUstrvtr tquipptd with an tytpitct vitws the imagt at Point N. 



mirror* The curve of this concave mirror reflects and concen- 
trates this large spread of light to a tiny point-of primary focus, 
located at the top of the main instrument tube. Near the primary 
focus, a small, flat slanting mirror intercepts all the converging 
beams from the primary mirror and directs them through a hole in 
the side of the main instrument tube to a point of focus called 
the Newtonian focus (Point N). Here an observer equipped with 
an eyepiece or a camera can be stationed. (Figure 31.) 

A much smaller concave secondary mirror, centrally located in 
the tube near its, head can catch reflections from the primary 
mirror and beam them back, still more closely concentrated, 
through a hole in the primary mirror. Behind this hole at the bot- 
tom of the instrument tube is an observing or camera station 
located at a point called the Cassegrainian focus (Point C — named 
after N. Cassegrain, the seventeenth century French inventor of 
the principles. (Figure 32.) In the still more complex Coude system 
(from the French word for "bent like an elbow"), the light first 
reaches the primary mirror and is then reflected into a concave 
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secondary mirror, Cassegrainian fashion. Near the primary mirror, 
a third flat, slanting mirror intercepts the light from the secondary 
mirror and reflects its Newtonian fashion to an observmg or cam- 
era station at the Coude focus, located tjb one sid^ at the lower 
part of the main mstrumcnt tube, (Figure 330 

The giant primary mirror of today's leading reflecting telescopes 
are made of extremely tough, rigid, heat-resistant glass. Their 
weight is reduced by a honeycombed or waffled structure. Only 
the reflecting surfaces have an optical function. These mirrois re- 
quire years of slow, careful grinding and polishing to perfect the 
curvature. The surface is then coated with a microscopically thin 
reflecting layer of aluminum,', which is brighter, more durable, and 
less subject to tarnish than the silver previously used. The en- 
tire aluminum coating of the huge 200-inch primary mirror of the 
Hale telescope^ located atop Mt. Palomar in California, weighs only 
one ounce* 

The Hale telescope (Figure 34) is currently the largest com- 




figu rt 32. An oth tr typ« of r«fltctlng ttltfcop* usts a larg^ concavt primary mUror 
at tht botiom of tht Instrumtnt tubt and a smalltr^ concavt ftcondary mirror ntor tht 
top of tho tubo. Tht forgt mtrror rtfltctt conctntrottd light to tht tmait mirror which 
furthtr conctntratti tht light rays and rtfltctt thtm back through a small holt In 
tht lorgt mirror. Tht obttrvtr It located bthind thit holt at tht bottom of th« 
Initrumtnt tubt. ThIt arrangtmtnt It known at tht Casttgralnlan focut. 
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Figur« 33. StitI dnother typ« of ttltscopt usts tht $o*ealttd Coudi focus. This typ» 
of focus is quitt similor to tht Casstgrainian focus with ont mojor txctption. It usts 
a thir<i slanting mirror ntar th» bottom of tht tube to dtfltct light roys Ntwtonian 
fashion through th» sid* of tht instrument tube. . ' 

pleted telescope in the world, but, in the Caucasus Mountains, the 
Soviet Union is building a larger telescope with a 236-inch primary 
mirror. One advantage of such giant telescopes over smaller types 
is not their power to magnify an image but the improved resolution 
which they give. A magnified but blurry image is unsatisfactory. 
Sharpness, or image resolution, is at its best when a telescope is 
used at somewhat less than its full power of niagnification. 

The third advantage of size and power in a telescope is light 
intensification, the ability to record the image of an extremely 
faint and distant star. To make a long exposure of a star and main- 
tain a sharp image, the telescope must be precisely aimed to follow 
the star as it "swings across the sky" due to the jotation of the 
earth. With thi^ time-exposure method, stars too faint to be seen or 
colors impossible to distinguish through the eyepiece of a telescope 
can be recorded on film. 

In Chapter 1, we mentioned that the Andromeda Galaxy, about 
two million light years away, looks like a nebula the size of the 
Moon. The resolving power of today's giant telescopes is sufficient 
to show the shapes and composition of galaxies that appear through 
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smaller instruments as tiny, single stars. Telescopes also reveal 
details on bodies within the solar system — the Sun, the Moon, 
the planets, and their moons. ^ ^ 

Telescopes cannot reveal the shapes and surface details of in- 
dividual stars other than oUr own star, the Sun. Even the nearest 
and brightest stars seen through the largest telescopes appear as 
.tiny pinpoints of light. They are, of course, much Brighter than 
other pinpoints, but they have no apparent size. Furthermore, no 
planet belonging to any "solar system" other 4han, our own is 
visible even through the most powerful optical telescopes. 

Other Astronomical Instruments 

Other instruments used in conjunction with optical telescopes 
include spectroscopes and spectrographs, the coronagraph, and 
various photographic attachments. 

Auxiliary' INSTRUMENTS. — ^Just as some telescopes are equipped 
with various devices to intensify images of faint and distant stars, 
oth§rs perform ah opposite function for Sun-watching purposes. 
These telescopes are equipped with filters to reduce the Sun's 
intensity, enabling scientists to study 'sunspots,* surface details of the 




Figurt 34. 200*lnch Holt ttlt$copt showing obstrvtr in primffdcut cagt. 
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Sun, and colors which indicate the Sun*s chemical composition. 
We have previously noted that the corona of the Sun can be seen, 
during a total eclipse. A device called a coronagraph creates its 
own artificial eclipse inside the instrument with the insertion of 
an opaque disc in the Sun's light path. This disc blots out , the 
Sun's disc but leaves the Sun's corona visible. Other instruments 
attached to telescopes, such as spectroscopes and spectrograpbSy 
break down the light beams from individual 6odies into colored 
bands of the visible portion of the electromagnetic spectrum. Each * 
star, planet, or other direct or reflecting light source has its own 
"fingerprint,'* a unique arrangement of different colored bands and 
narrow stripes which reveal the chemical content of the body being 
vie.wed. 

The RADib telescope. — Visible light, which is corrected, focused, 
viewed, and photographed by means of optical telescopes, is but 
a band within a broad spectrum of electromagnetic radiations. 
Any energy source, such as a star, emits radiations of both shorter 
and longer wave lengths than those "of visible light. Within the 
spectrum of visible light, the largest emissions are red. Invisible 
wave lengths longer than red are classed as infrared; they^re felt 
as heat rather than seen as light. Emissions of even longer wave 
lengths or lower frequencies of vibration are carriers of radio 
signals. < ' f 

Giant radio telescopes with dish-shaped parabolic antennas the 
size of football fields receive radio emissions from the farthest 
reaches of space and bring them into focus just as optical mirror 
telescopes intensify star images. Radio emissions from outer space 
reveal the locations of stars and distant galaxies and even indicate 
electronic activity in interstellar space (a phenomenon similar to the 
Van Allen radiation belts that occupy cislunar space). Radio emis- 
sions produce images on radio telescope receivers and screens 
and audible sounds in other receiving instruments. A radio tele- 
scope located at Jodrell Bank, England, is 250 feet in diameter and 
is the world's largest "steerable dish.*' A 1000-foot nonsteerable 
dish is located in a natural amphitheater in Puerto Rico. (See Fig- 
ure 35.) 



As mentioned in chapter I, the Sun, the planets, and smaller 
bodies within the influence of the Sun's force of gravity or out- 
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Figure 35. Rodio tetescopt at Jodrelt Bank, England, 



put of energy cpnstitute the solar system. The Sun has nine ma- 
jor satellites, or planets. Many of these planets have their own 
satellites or moons. Between the orbits of Mars and Jupiter lies 
a belt of numerous smaller bodies called asteroids, which travel 
around the Sun in independent orbits. (See Figure 36.) 

The Sun 

The Sun is the mother hen of the solar system. Besides being 
the center around which the planets rotate, the Sun is also the 
source of almost all light, heat, and Other energy for each of the 
planets. Either directly or indirectly* man derives all usable forms 
of energy on the earth, except nuclear energy, from the Sun. 
Although the Sun is onl> a medium small star compared to other 
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Stars in thQ universe, it generates tremendous energy. On its 
surface, for example, the Sun has a temperature of about 
11,000^ F., but, internally, it has an estimated temperature of 
20,000,000*" fahrenheit. .During every second of elapsed time, ihi^* 
giant nuclear energy machine ct)nverts some four million tons of its 
matter into radiant energy and expels it into space. Fortunately, for 
inhabitants of the earth, only one-billionth of this energy reaches 
the eartfi. In other words, the Sun in one second of time produces 
enough energy from nuclear fusion to supply n^an*s present , power 
needs for. over a billion years, and scientists believe that the Sun 
will- continue this output for billions of years in the future. 

Although the Sun is the only star in the universe near enough* 
to study and is relatively insignificant in comparison with otjier 
stars, it has a diameter of about 864,000 miles. By comparison, the 
diameter of the earth is less than 8,00 miles, and the diameter' of 
Jupiter, the largest planet, is less than 90,000, miles. Most dt the . 
other stars in the universe are much larger and hotter than the Sun. 
The Sun*s mass is more than 300,000 times greater than that of th^ 
earth and represents 99.86 percent rf the mass of the entire 
solar system^. From its core to its su/face, the body of the Sun 
consists of about 95 percent hydrogen or helium gases. 

One of the most striking things about the Sun is its steadiness as 
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a source of heat. The energy of nrany stars in the universe fluctu- 
j^' ates^ quite wildly; the Sun's energy does not. Although ^ scientists 
have, not determined exactly ' what its total energy variations are, 
they know definitely that they are less than one-half of one percent 
from day to day, or from one year to the next. This steadiness is a 
good thing for man because even small variations in thc^ Sun's 
energy would make conditions on earth variable, and much more 
difficult for human habitation. Man in space, however, will "n.ot 
bc^ so fortunate in his relationship with the Sun.- In addition to* 
the constant heat output, the area above\the earth's protective 
atmosphere contains, extremely short wave lengths in the spectrum 

i and varying levels of ^en&trating, damaging radiation. According 
to %fcientists, these violently changing radiations appear to have . 
some connection with periodic changes in some of the visible fea- 
tures of the Sun. 

When viewed with a small telescope, the surface of the Sun 
appears at first glance to be a luminous disk, of smoothly vary- 
ing brightness, a little more brilliant at the center than at the edges. 
This luminous dfsk, called the photosphere, is the layer of, the 
Sun made up of gases and is the apparent surface of the Sun. 
This is the point where the Sun's atmosphere begins. Below this 
level, just' a few miles down into th^ Sun, the gases change^ , 
from' transparent to opaque gases for all wave lengths of visible 
light. A closer look at the transparent surface of the Sun.reveak^ 
much mo!:e complex structure than is at first apparent. The most 
not(iceable features are the large sunspot groups that dot the surface. 
Since 1750, the length of sunspot cycles has averaged about 11.4 
years. In some years, sunspots have been extremely rare and, even 
when present, they have been small/ At other times, the photo- 
sphere has frequently"* been covered with more than a hundred 
spots of all sizes and generally gathered in great clusters in the 
major sunspot region. On 25 December 1957, astronomers re- 
corded the greatest number of sunspots of any date since ob- 
servations were started during the time of Galileo. This peak of 
average solar activity In J 957 was reached during the International 
Geophysical Year and was the highest since 1778. 
Sunspots vary from day to day and also drift from east to west 

, as the Sun rotates on its axis. At its equator, the Sun rotates in 
about 26 days, Rotation appears to take longer at the poles. How 
much longer the rotation takes is difficult for astronomers to de- 
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tcrmine because they base their observaiions on sunspots and these 
spots rarely appear above 40 degrees latitude. 

Large individual sunspots are cconsideral>ly cooler than the, sur- 
rounding surface, of the Sun. They also .have enormously ^mplex 
structures. For descriptiv^i^-purposes, the dark center of a sunspot 
called th'e Unibra and the gray ai?6a' surrounding the Umbra is 
called Penumbra. Astronomers say that the princip^jUdue to the 
physical nature of^ sunspots nrlay be found in the magnetic fields 
which- surroXind them. Students of astronomy knojv for example 
that sunspots show very complex magnetic fields which vary con- 
siderably in their magnetic properties. Somp bf these fields' are 
large, ^^ome sma.ll, some positively: oriented, and others ^negativel>( 

^'oriented. (See Figure .37.) ^ ^\ - , 

Probably the most violent and abrup^^ar/ activity is ^hc solar 

^ flare, which frequently appears 1h itegions. TlteS^lares 

appear as intense brightenings at or near the surface^of the\un, 
' rise to mjt^imum brightness ' In periods as shon>-as one^alf 
minute, and then slowly decline. The decline can tijce^p to a few 




Figg^t 37. Sunspots with associattd 'flarts giving off tntrgized porliclts thot bombord 
tht torth's otmosphtrt. 
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hours. ThescJlares often produce^violenl changes m radio, ultra- ' 
^violet, X-ray, and particle emksibn from the Sun and constitute a 
possible danger to the astron'aut who jdoes not have the e5)cth*s at- 
mosiJhcric protection. These arc the sudden ionospheric disturb- 
ances (SIDS) mentioned iji Chapter 4. Even in the earth!s at- * 
mosphere, these flares often proddce interference with radar and 
ordinary radio transmission and sucjdea fade-outs of long distance, 
short-wave radio communication during the displays of the aurora 
borealis and aurora iiustralis. At tlie height of solar flare activity, 
scientists have notefl obyious changes in the direction and strength 
of the earth's magnetic field. s 

Directly uabove the solar photosphere is*^ the area called "the ^ 
chroriiosphere..The chromosphere is a layer of reddish-colored in- 
candescent gas^ visible only during total eclipses. Although scien- 
tists know that the temperature of the Sun's photospherq decreases 
with increasing altitude, they do not readily agree on the intensity • 
of temperatures in the chromosphere. Since the height of the Sun's 
chromosphere is only 9,000 miles at the most, scientists find it ^ 
difficult to make reliable observations. For this reason, space 
scientists travel to regions of total eclipses on the earth to study the 
chromosphere and avoid . the scattering, effect which the Sun's 
photospheric light has on the detail. Scientists say that this layer of 
the Sun's atmosphere is enormously important, particularly to fu- 
ture space tra^^ejers, for it is here that a large part of the dangerous 
solar radiation begins. ^ . • 

Still another layer of the Sun is c^rtled the corona. Scientists 
formerly had to obtain pictures of the corona during a total eclipse, , 
Now, however^^ey have cameras equipped with special devices 
which permit them to study this area of th^^'^Siin, The c'brona is ^ 
virtually a circle of light, or halo, around the Sun. Solar experts 
generally agree that the coroija starts just above the chromosphere 
and extends; many miles into space. Some scientists maintain that^^ 
some of the streams of gas noticed in the corona extend as far as ^ 
' the earth. It is also possible that . temperatures as high as 
4,500,000 Kelvin* exi§t in the coronal gase^. The stream of. parti- 
cles whicl;! make up this coronal flow of gases is solnetimes called 
the solar wind which contains numerous protons and electrons 



•The Kelvin scale sometimes called tje^bwlute temperature 'icalc because O^K is absolute 
/cro (temperature at ^hi^h thc^e is an abs/ncc of molecular motion) On the CcnliSradc (Ccllus) 
scale, absolute zero Is —273 16 dcRrccs, Tmus in order tb convert Kelvin deijrevs to CcntlCradc'', 
27^,16 decrees must bo subtracted from /he Kelvjn temperature For txample. 373.1 6 ^K 1$ equal 
to 100»C * 
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speeding through splacc at about 800 miles per, second. Diir^g 
increased Sun activity, the number of protons and electrons in- 
creases. Also, there is a corresponding increase in their energies. 
Scientists link these clouds of activity, which are observable from 
the earth and from satellites and space probes, witij some of the 
Sun's outbursts and the accompanying disturbances m radio com- ^ 
munications. 

The Inner Planets 

The four planets nearest the Sun are Mercury, Venus, Earth, 
and Mars. Mars and Venus flank the earth on cither side and have 
the most immediate interest for planetary space research. They 
are also the planets likely to be targets for planetary probes for a 
great many years to come, and they are the ones most likely to 
be visited by man. A two-m-one probe of Venus and Mercury 
is scheduled for 1973. The Mariner will need to be heat-resistant 
because it will approach close to the Sun. 

Mercury, At a distance of 16 million miles from the sun, Mercury 
is the planet closest to the Sun, and the smallest of the prmcipal 
planets of the solar system. Since Mercury is relatively close to 
the S'm and always appears somewhere near the Sun in the sky, 
scientists find it very difficult to observe. Consequently, they have 
less accurate knowledge about it than they have of the other 
- planets. 

This planet is never visible to the naked eye except when it 
appears either low in the west after sunset or low in the east be- 
fore sunrise. When it is seen above the e&atern or western horizon, 
it is probably the only planet that twinkles because it is shining 
through d thick unsteady Jayer of the earth's atmosphere. Since it 
reaches its highest point during the dayli^t hours and always 
hovers near the Sun, it is very difficult to obtain much information 
about it. However, iijcent studies by astronomers have yielded 
some significant facts about this planet through the use of spectro- 
graphs, microwave, and infrared radiation* detection equipment. 

With a dimaeter of 3,025 miles, :t is more than half again as 
large as the Moon. It is closer to the Sun than any other planet, 
with an average distance of 36 million miles, and, therefore, it 
can complete one revolution around the Sun in less time than any 
of the other planets. Thus, one Mercury year is fairly short, 
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approximately 88 days. Since Mercury rotates on its axis only once 
every 59 days, the length of the Mercury, day is quite long as 
compared to the earth's day. This new information about the length 
of Its day, gained from radar observations, contrasts with the old 
Idea that it always had one face towards the Sun. Evidence 
gathered from shadow effects on Mercury, between the quarter and 
full phases, tends to show that its surface is about as mountainous 
and rocky as the Moon's surface. Also, experienced observers have 
seen dark blotches which resemble very closely the lunar seas 
(Maria). 

These studies also have implied the presence of a thin^traos- 
pheric layer of hydrogen. The proposed explanation for thel&ck of 
gases other than the low molecular weight hydrogen consists of two 
ideas. The first and earlier idea about Mercury's atmosphere is that, 
since it is very close to the Sun, most of the lighter (low molecular 
weight) gases have "boiled off due to the high temperature 
(600-700°^., of the side facing the Sun. The second is that heavier 
gases, such as argon, carbon dioxide, and others that are produced 
by radioactive decay in the planet, may still be left in the atmo- 
sphere. In 1963, Kozyrev, a Russian astronomer, made spectro- 
graphic studies during a solar eclipse. These studies indicated that 
hydrogen may be a major component of Mercury's atmosphere. 
His theory is that hydrogen lost by escape from the planet is 
continuously replaced by gas captured from the solar winds. An- 
other interesting idea to emerge from recent studies is that the 
side of Mercury away from the Sun at any given moment has a ' 
temperature that is not as low as had been previously predicted. 
Radar observations made with a large dish-shaped antenna in 
New South Wales, Australia, indicate that this temperature is 
somewhere in the range of 30-60°F. This temperature reading 
also lends some support to the idea of a thin atmosphere around 
Mercury which conducts heat from one side of the planet to the 
other. 

Venus. Like Mercury, Venus also appears as the morning and 
the evening "star" during the spring and fall seasons of the year. 
As Venus swings through its orbital path around, the Sun, it ap- 
proaches closer to the earth than any other planet and, at its 
closest point, comes within 26 million miles. Strangely enough, 
however, astronomers know less about this planet perhaps than any 
of the other planets primarily because Venus remains hidden be- 
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hind a very dense atmosphere and a heavy cloud cover. This cloud 
layer, which is a pale lemon yellow color, has for centuries per- 
plexed astronomers who could only speculate as to its composition. 
Probably the most popular notion was that, because of its high 
reflectivity, this cloud cover must consist primarily of water, either 
m droplets or ice crystals. At one time, it was proposed that the 
entire planet was covered with water, but its high surface tempera- 
ture cancels this idea. At any rate, Venus is* the brightest of aU 
the planets, 12 Umes as bright as Sirius, the brightest star,, and 
receives abolit twice the light and heat energy from the Sun, as 
does the earth. 

^an's first opportunity to obtain information direct from the 
vicinity of Venus came on 14 December 1962, when the United 
States spacecraft Mariner 2 passed within about 21,600 mUes of 
the planet. Aboard the vehicle were instruments to measure surface 
and atmospheric, temperatures, the strength of the planet's mag- 
netie field, and the nature of its radiation belts. From this historic 
flight of the first man-made spacecraft in the vicinity of Venus, 
men learned that very little cosmic dust existed during the mission 
in the space which separates Venus and earth and that the density 
of dust in deep space was about 10,000 times less than the amount 
of dust encountered in near-earth orbits. As Mariner 2 drew 
closer to Venus, the spacecraft's magnetic measurements changed 
only slightly, indicating that Venus, unlike the earth, has no strong 
magnetic field. 

The Mariner also revealed some interesting information about 
the surface of Venus. For example, if it were possible for an in- 
habitant of the earth to stand on the surface of Venus, he would 
probably see the Sun rise in the west and set in the east because 
Venus rotates in a direction opposite to that in which the earth 
rotates. Overhead he .might see clouds about 15 miles thick hover- 
ing above the surface through which a small amount of reddish- 
colored sunlight would pass. The surface of the .planet is most 
likely a searing hot desert. Since the temperature on both the 
dark and sunlit sides of the planet registered between 600° and 
800° F., it is hardly possible that any form of life familiar to earth 
inhabitants can exist. 

More recent probes confirmed the findings of Mariner 2 and 
supplied additional data concerning Venus. Mariner 5, which 
reached Venus about the same time as Soviet Venera 4 (Venus 4), 
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,also recorded excessively high temp^eratures, this time above 
900"^ R Data telemetered by the American and Soviet probes 
were generally in agreement. Data from both probes indicated 
that carbon dioxide is the principal gas in the Venusian atmosphere 
and that some^ water vapor is present. Both probes also gave 
evidence of a corona, or circle, of fiydrogen gas around the 
planet. Neither probe found evidence of radiation belts like the 
Van Allen belts surrounding the earth. 

There were some differences between tl^e American and Soviet 
data. The Mariner 5 indicated slight magnetic activity; the Venera 4 
did not. The slight magnetic activity reported by the American 
probe might be evidence of an extremely weak magnetic field 
surrounding the planet, or it might simply be the result of the 
interaction of the solar A^md with the Venusian atmosphere. Read- 
ings from Mariner 5 also ^.^ve evidence that the atmosphere of 
Veiijs is 75 to 100 times as dense as that of the earth, but 
, readings from Venera 4 indicated that it is only about 20 times 
as dense. Later Soviet figures, based on calculations from data sup- 
plied by Venera 7, confirmed the earlier American findings about 
the much denser atmosphere. 

The Venera 7, which parachuted through the Venusian at- 
mosphere, ejected a capsule that made a soft landing on the planet 
and transmitted data about temperature. This probe recorded tem- 
peratures as high as 1,000^ F. The Soviet Venera 7 was preceded^ 
by Venera 4, 5, and 6, which telemetered data only while passing 
through the atmosphere. , ' " 

The American Venus-Mercury probe in 1973 will -fly by Venus 
on its way to Mercury. It will carry a television camera -with a 
special lens for penetrating the dense cloud cover of Venus. If the 
camera operates successfully, it may give astronomers their first 
view of the, Venusian surface. 

Mars. Next beyond earth in order of distance from the Sun, 
Mars moves in its orbit once in 687 days at an average distance 
from the Sun cf about 142 million miles. It rotates on its axis 
once every 24 hours 37 minutes and has a diameter of 4,200 
miles, about half that of the earth. It has an atmospheric pressure 
at its surface only one hundredth (1 percent) that of the earth 
and surface temperatures which range from a daytime 85® F. 
to a nighttime -100^ F. at the equator. The average temperature^ 
however, is -40® F. compared with -60® F. for the earth. 
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Strangely enough, Mars rotates on its axis at approximately the 
same rate as the earth and, also like the earth, it is inclined on 
its axis about 25° in relation to the Sun. Because of this inclina- 
tion, ihe Martian poles turn alternately to the Sun and cause this' 
planet to have seasons about twice as long as the earth's seasons. 

At its closest point to the earth, Mars is about 35 million 
miles away, but, as it moves in its orbit around the Sen, it reaches 
a maximum distance of about 210 million miles. It makes its 
closest^ approach in late summer and, with its bright rod color, 
becomes the most brilliant object in the sky, with the pcssrole 
exception of Venus. ^ 

Astronomers have observed and mapped Mars for . more than 
275 years because its thin atmosphere permits viewers to study its' 
surface features. Early observers speculated that some form of in- 
telligent life existed on Mars and even offered evidence to support 
their viewpoints. In 1877, for example, the Italian astronomer 
Giovanni Schiaparelli reported dark-^line markings on the planet 
that he called canali. Canali was translated as canals jn English, 
and other astronomers interpreted these markings to be a net- 
work of canals that had been constructed by intelligent human 
beings. Later astronomers discarded this idea because of evidence 
that Mars has too little free oxygen in its atmosphere to support 
human life as it is known on the earth. Although human beings 
could not survive on Mars without some means of making exten- 
sive changes in th^ environment, scientists believe that a self- 
sustaining colony could be established there. 

As astronomers continued their studies of Mars, they observed 
. what they believe to be seasonal changes. They have noted, for 
example, that white ice or frost caps alternately grow and decline 
in size around the Martian poles as the seasons change. 'Since the 
' caps melt very rapidly, they are probably only an inch to several 
inches in thickness. One of the questions that probes are now ex- 
pected to answer is whether the ice caps are formed of water ice 
or frozen carbon dioxide. Scientists have also noticed that, as the 
seasons change and the ice cap thaws, the region around it and 
toward the equator darkens, giving support to the idea that these 
dark areas support the growth of some sort of vegetation. 

Successful American probes of Mars began with Mariner 5, which 
reached the vicinity of the planet on 14 July 1963 and began taking 
television pictures. The spacecraft took 21 pictures at distances 
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varying from 10,000 to 7,000 miles from the planet. Astronomers 
were surprised when the photographs revealed a surface more like 
that of tb'^ Moon than the earth. The pictures, which covered 
only about 1 percent of the surface of the planet, showed both 

craters (Fig. 39) and desert areas. 

f> 

To obtain coverage of a larger part of Mars, as well as addi- 
tional data. Mariner 6 and 7 were launched as a .pair of probed to 
fly by the planet in July 1969. One probe moved across the equa- 
tor of Mars, and the other passed over the south polar cap. Some 
of the pictures were of high resolution and were made as close 
as 2,130 miles from the surface. ThQ pictures probably cover all 
surface features 'to be found on Mars. They revealed two new kinds 
of areas: featureless deserts and chaotic areas. The featureless 
deserts contain no craters or any kind of surface markings. The 




Figur. 39. A cpmputtr.«nhanc«d photograph of Mars talctn by' Marin«r IV ihown 
< d«taiU of th« Martian cratars. 
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■" chaotic, or jumbled areas, consist of ridges and valleys with a few 
craters They resemble areas in Alaska where the ground' has caved 
in because of recent earthquakes. The chaotic areas shown m 
pictures on Mars cover an, area about the size of Texas. Most 
of the crater walls shown in the pictures appear worn down from 
erosion over ' millions of years, but there are also some bowl- 
shaped craters similar to those on the Moon. The more complete 
coverage provided by these pictures showed that the Martian sur- 
face has its own distinct characteristics and that it resembles 
the surface of neither the earth nor the Moon. ' 

The Mariner 6 and 7 probes revealed no water on Mars or 
evidence that oceans o^ce existed. Samplings of the atmosphere at 
the south polar cap showed the presence of carbon dioxide, water " 
ice, fog, water vapor, and some carbon monoxide. They also con- 
firmed that the Martian atmosphere consists largely of carbon di- 
oxide. Although the; Mariner 6 and 7 probes revealed no free 
oxygen or nitrogen, gases that support life on the earth, small 
amounts of these gases may be present. 

Mariner 9, the world's first planetary orbitef, reached the vicmity 
of Mars in November 1971 and. orbited the planet to take pic- 
tures of the entire surface for mapping. Aboait the time that Mari- 
ner 9 began orbiting the planet, two Soviet probes (Mars 2 and 3) 
ejected capsules onto the surface of Mars. Radio transmitters in 
the capsules are telemetering data about the surface of the planet. 
When scientists compile and interpret the data from the three most 
recent probes, they may find some answers to their questions about 
seasonal changes or life on Mars. . 

The United States has scheduled a new kind of planetary probe, 
a combined orbiter and soft-lander called the Viking, to be 
launched toward Mars sometime around 1975. The spacecraft is 
specially designed to collect and telemeter data concerning life on 
the planet. As probes toward Mars have continued; they have re- 
ported conditions much more hostile to life as it is known on the 
earth than was previously believed, but many scientists still believe 
that some kind of life will be found on Mars. 

Asteroids 

Within the vast 342,200,000-milc gap between the orbits of Jup- 
/' iter and Mars, a distance of about 4 times that of the earth's aver- 

' - age distance from the Sun, are found the minor planets, the asler- 
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oids. One of the traditional stories of astronomy relates to the 
arcidental discovery of the asteroid belt. During the latter part of 
the eighteenth century, the German astronomer Johaim Elert Bode 
set out to find what he thought should be another planet between 
the orbit of Jupiter and Mars. Using a series of numbers that later 
became known as Bode's Law, this scientist devised a means of 
determining the distance of planets frohj the Sun and for dis- 
covering new planets. With the support of so«ne of his colleagues, 
Bode invited other astronomers to make a syste.uatic Svarch for the 
missing planet. Consequently, in 1801, while scamping the skies at 
the distance established by Bode's formula, an Italian astronomer, 
Giuseppi Piazzi, discovered Ceres, the largest of the minor planets 
and the first known asteroid; 

Since 1801, astronomers liave detected as many as 30,000 as- 
teroids, most of them quite insignificant, orbiting the Sun. These 
bodies jange in diameter from a fraction of a mile to several 
hundred miles, with a majority of them having diameters less than 
50 miles. Only one of them, Vesta, is bright enough to be seen 
with the unaided eye. The total mass of all 30,000 asteroids adds 
' • up to the mass of the missing planet that should be located be- 
tween Mars and^ Jupiter, according to Bode's Law. 

Many of the asteroids have irregualr forms and orbits, as shown 
by their variations in brightness during their rotations. This suggests 
that some smaller asteroids may be fragments of larger ones and the 
larger ones may have been chipped by collisions. One example is 
'^ros, which is shaped like a brick and turns first a broad side 
and then a small end toward the earth, causing variations between 
brightness and faintness. Asteroids alsa stray occasionally. Some 
scientists believe that two satellites which orbit Mars and some of 
Jupiter's moons are errant asteroids captured by the magnetic 
fields of these planets. Many asteroids come within a few million 
miles of the earth and even collide with the earth in the form of 
meteorites. 

The Outer Planets 
The first four outer planets, Jupiter. Saturn, Uranus, and Nep- 
tune, are the giants of the solar system. These planets are massive 
bodies with extremely low density and large diameters and rotate 
very rapidly as they orbit the Sun. Evidence obtained by spec- 
troscopes shows that these "planets have a kind of "rock-ii).a- 
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snowball" construction, consisting of small, dense, rocky cores 
surrounded by thick shells of ice and . covered by compressed 
hydrogen and helium. • 

Beyond the four giant planets is Pluto, which is more like the 
earth in size and density than the giant planets. 

Although it is doubtful that life in any form now exists on any 
of the fiye outer planets, scientists are interested nevertheless 
in sending preliminary probes to each of these planets. They be- 
lieve that such probes may provide some clues to the presence 
of life on the earth. Furthermore, probes of all the planets should 
provide a, better understanding of the entire solar system. 

Jupiten Although temperatures on Jupiter's cloud tops were re- 
ported as low as -230' F., measurements of infrared radiation oh 
the planet showed that, even with its frigid temperatures, Jupiter 
still radiates about 2.5 times as much heat as it receives from the 
sun. In view of this finding and pthers, some scientists believe 
that Jupiter may be a dying star rather than a planet. Interest 
in this theory and in the highly charged magnetic fields surround- 
ing the planet have led scientists to recommend probes of this 
planet. The United States has scheduled single Pioneer probes in 
1972 and 1973 to investigate the region around Jupiter. 

Jupiter has the distinction of being the largest planet. With a 
diameter of 88,700 miles, it is more than 10 times the size of the 
earth and is over five times as far from the Sun as the earth is. 
Its mass is 318 times as great as the earth's mass, representing 
70 percent of the combined mass of all the planets. In the night 
sky, Jupiter .regularly outshines all the planets except Venus al- 
though, on occasion. Mars appears brighter. Jupiter is an average 
distance of about 483 million miles from the Sun and, when it 
is nearest to the earth, is stjll 367 million miles away— four times 
as far as the earth is from the Sun. Jupiter's atmosphere is about 
8,000 miles thick and is composed of niethane (marsh) 'gas, am- 
monia, frozen crystals of ammonia, and free hydrogen. Addi- 
tionally, a very thick layer of ice estimated to be 17,000 miles 
thick covers Jupitei's surface. Through a large telescope, Jupiter 
reveals a variety of color and changing detail with a $tandard 
pattern of brown bands on a yellow background paralleling its 
equator. The bands are broken with irregular cloud markings and 
spots, some of which change so rapidly that astronomers never 
know what the face of Jupiter might reveal fiom one day to the 
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next. One of the more permanent features, however, is a large 
spot, brick-red in color, known as the *'Great Red Spot," which 
has been observed for more than 200 years. This spot is about 
30,000 miles long and drifts about in the near-liquid lower atmos- 
phere as if it were a solid (Figure 40). <^ 

It is believed that Jupiter's brown bands have some connection 
with the planet's extremely rapid rotation. Despite its gigantic size, 
Jupiter literally whirls on its axis once in every 9% hours. This T 
means that it has a speed of rotation at its equator in excess of 
25,000 miles per hour. Scientists say that, in a gaseous' bcdj^ such 
as Jupiter, some sort of streaking or banding in line with the equa- . 
tor as a r^ult of such speed would be expected. Oddly enough, the 
various regions of Jupiter rotate at different speeds, and the region 
around the equator appears to move more rapidly than the other 
regions. Various spots and markings, which appear at different 
points on the planet, shift and move about in rotations of their own 
as the planet itself rotates. This condition is attributed to the fact 
that Jupiter is composed primarily of gases which appear to shift 
about as the planet moves at terrific speeds. Although Jupiter spins 
on its axis like a dervish, it still requires almost 12 years to com- 
pfete its orbit of the Sun. 

Jupiter has 12 known satellites compared to one for the earth 
and, on the basis of recent findings, probably has a faint ring en- 
circling it. Astronomers and astronauts alike are. quite interested 




Figurt 40. Diagram of Jupiter, showing tht "Grtat Red Spot" and the bandt. 
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in these satellites, or moons, particularly those of giant planets be- 
cause they may provide initial landing points to begin observations 
before planetary landings are attempted. Since all the giant planets 
offer extremely hostile environments for human beings, these satel- 
lites should be at least as hospitable as the parent planets. Two 
of' Jupiter's moons are about as large as the earth's moon, while 
two others are equal in size to Mercury aftd believed to be covered 
with snow. A fifth moon has the distinction of being the fastest 
of all satellites, and four others have a retrograde motion, i.e., 
they revolve from east to west instead of moving counterclockwise 
like the other eight. 

Saturn, With an average distance of about 886 million miles 
from the Sun, Saturn's orbit lies almost twice the distance from the 
Sun as does that qf Jupiter. Although Saturn is second in size to 
Jupiter, it could still contain 734 bodies the size of the earth. 
This planet revolves around the Sun pnce in IWi years and ro- 
tates on its axis every 10 '/2 hours. With a diameter of 75,000 miles. 
Saturn is the second largest planet and, except for its rings, re- 
sembles Jupiter in ix number of ways. For one thing, it has an 
atmosphere composed mostly of hydrogen and helium with some 
methan (marsh gas> and ammonia. The surface is dbvered with a 
thick layer of ice over a rocky core. The proportion of methane 
to ammonia, however, is greater in Saturn's atmosphere than it is in 
Jupiter's atmosphere, and Saturn's maximum temperature of 
-243^ F. is more frigid than that of Jupiter. Like Jupiter, Saturn 
is quite colorful, with atmospheric markings arranged in bands 
and greenish caps surrounding its poles. 

Saturn has a total of 10 satellites or moons. Its largest satellite 
is called Ttian, which is the only satellite in the solar system defi- 
nitey known to have an atmosphere. Wi.h a diameter of 3,550 
miles, Titan is also the largest satellite in the solar system. With 
the exception of one, the remaining satellites have diameters rang- 
ing from 300 to 1,600 .miles and move in direct revolutions 
around the planet. The outermost satellite, called Phoebe, is a mid- 
get only 150 miles across, but it is. over 8 million miles from its 
parent planet. Like four of Jupiter's moons. Phoebe follows a retro- 
grade revolution. 

Probably the most distinguishing feature of Saturn is its rings, 
which were never seen before the invention of the telescope, since 
they ce^nnot be seen with the naked eye. This system of three rings. 
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unique among the planets, is located at the equator. The total 
width of the band is about 41,500 miles, but it is only about 10 
miles thick. The outer ring is about 10,000 miles wide and is 
separated from the middle or bright ring ..by the Cassini iDivision, 
which is about 3,000 miles wide. The middle ring is 16,000 
miles wide. The inner ring, which astronomers call the crape 'ring^ 
is o] 2,000 miles wide and runs continually with the middle ring 
(Figure 41). Although scientists are not at all sure what these 
/ings are made of, the fact that stars cap be seen passing behind 
them led to the theory that they consist of pillions of tiny particles 
made of ice or at least covered with an icy material. 

Uranus. Barely visible without a telescope, Uranus is 29,600. 
miles in diameter, or more thao 3V2 times the size 'of the earth. 
It rotates on its axis in 10 hours 50 minutes, and, at a distance of 
about 1,783 niillipn miles from the Sun, it takes 84 years to orbit 
the Sun. Uranus has a maximum temperature of -300® F. 
Although both Uranus and Neptune appear to have about the 
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same structure as Jupiter and Saturn, astronomers find it difficult 
to make out surface details because they are so far awa;^. 

Uranus is unusual because its equator is inclined almost at right 
angles to the plane of the eclipticr^SV in other' words, the tilt of 
its axis lies almost in the plane of its orbit. Uranus has five known 
satellites, Which revolve in the direc.tion of the planet's rot^ation. 

Neptune, Although Neptune cannot be seen with the naked/* 
eye, it always appears through t^e telescope as a small greenish 
disk upon which a few faint markings may be seenr Neptune is 
about 2,793 million miles from the Sun and has a diameter of 
about 24,6Q.O. miles. Although Neptune is often regarded as the 
twin of Uranus, its rotation period of 16 hours is longer and its sur- 
face temperature of -530^ F. is 30^ F. lower. Neptune is 30 times 
as far away from the Sun as is the earth, and, at this distance; 
the heat and light that it receives is only Hou of that receivccj by 
the earth. This planet takes alinost 165 year^ to complete its Orbit 
of the Sun. It has two known satellites. The larger satellite, Triton, ^ 
is larger than the Moon and is closer to its planet than the Moon is\ 
to the earth. This satellite may have an atmosphere. ^ 

Pluto. Pluto is the outermost planet in *the solar system. It is 
a very small planet with a mass less than one-tenth that of the earth 
At dn average distance of 3,666 million mjles from the Sun, Pluto 
rotates once every 64 days and rcqt?ires about 248 years to orbjt 
the Sun. Since Pluto's distance from the Sun is almost a billion 
miles gre^ater than that of Neptune, the fact that this planet is 
eternally dark and frigidly cold should not be surprising. Astro- , 
nomers believe that Pluto has a gritty Snow-covered surface and 
an atmosphere much thinner than *th&ft of the earth. 

THE WORLD OF INTEBSTEIXAR AND INTERGALACTIC SPACE 

In chapfer I, we took the measure of ,the Milky Way Galaxy 
and described it as a flat, pancake-shaped formation of stars 
about 100,000 light years in diameter and 3,000 light years in thick- 
ness. Actually, it might be viewed as a giant whirling cartwheel 
composed pf something like 100 billion stars. Millions of stars spin 
around the hub of the wheel, and great spiral arrps containing 
billions of other stars, clouds of dust, and gases swirl like pin- 
wheels away from the hub. So vast is this wheel that light speed- 
ing at the rate of 670 million miles per hour requires .100,000 
years to travel from rim to rim. 
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Figorc 42. Stors of the universe, the Millcy Woy Goloxy, ond our solor system. The 
di'ogonol lints point \o-4C% opproximote locotion If our solor system in the Milky Woy. 

Occupying only a tiny spot^ in the gajaxy is our solar system 
controlled by the Sun, which, inxortf^an^n with millions of other 
stars, is only an average star/n size arid brightness. The solar 
system is roughly seven billion miles in diameter. To understand 
the size of the solar sy.stem in compafeisop with ih^ Milky Way 
Galaxy, we c an d raw an imaginary circle approximately 20 
niiles in diameteTto represent^thc galaxy. Then we can imagine 
a. small dot made with a ballpoint pen about seven miles from 
the center of this circle. This would be the scale necessary to com- 
pare the size of our solar ^stem with the size of the galaxy of. 
which it is a part. (Figure^2.) 

* Interstellar Measurements 

Only in recent decade^ have scientists discovered what the stars 
are and how they a»-e arranged in space. In the process, they had 
to find ways of computing the di^ances and movements j^f the stars. ^ 
As we learned earlier, one of the most direct ways ^f determining 
a star's distance is to measure its parallax, that is, tht extent of * 
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its annual shift in position against the background of more distant , 
stars. However, this method is effective to a limit of only 400 
light years. Therefore, other means are necessary to estimate longer 
interstellar distances. 

Cepheid variables. — Prior to the use of parallax measurements, 
astronomers believed that a star's brightness (magnitude) deter- 
mined its distance from the earth. They based their belief on the . 
.assumption that all stars burned with the same energy output 
or absolute magnitude. Thus, by measuring the visible brightness 
or dimness (apparent magnitude), they could conclude simply that 
the degree of a star's dimness or brightness determined its dis- 
tance. More recently, however, astronomers discovered that stars 
vary greatly in total energy output or absolute magnitude. There- ^ 
fore, their apparent magnitude is no accurate measure of their dis- 
tance from the earth. For example, Sirius .and.Xanopus are the 
two brightest stars in the sky. Sirius appears twice as bright as 
Canopus, but their parallaxes show that Canopuu is 100 light 
years away from the earth, while Sirius is only 8.7 light years 
away. This means that Canopus burns at a magnitude 65 times a.s 
bright as Sidus. 

Although magnitude does not determine the distance of all 
stars, astronomers found that certain classes of stars do reveal their 
di^ance according to the magnitude formula. One such class is 
the Cepheid variable, which ranges between 10 and 100 times 
the Sun*s brightness. Cepheid variables are fluctuating stars that 
grow alternately brighter and dimmer in cycles ranging from a 
day to, more than a month. Cepheid variables with a low absolute 
, magnitude fluctuate in shorter cycles than Cepheid variables with 
a high absolute magnitude. Once they determine the fluctuation 
period of a given Cepheid variable, modern astronomers can 
calculate its absolute magnitude with 90 percent accuracy. Then, 
by comparing its absolute magnitude with its visible brightness 
or apparent magnitude, they can work out an accurate measure 
of its distance. This is extremely accurate whether the Cepheid ^ 
is located on the farther rim of the Milky Way 650 light years 
away or over two million light years away in the Andromeda 
Galaxy.^ . ' 

Proper motions. — Stellar velocities provide additional means 
for verifying stellar distances. Astronomers knew that stars move 
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about in the sky long before thuy learned that stars circle the 
center of a galaxy. Stars near the earth appear to move rapidly 
like low-flying aircraft, and stars in deep space, like high-flying 
aircraft; .-appear to creep through the heavens. To verify the dis- 
tances of stars, astronomers measure the movements of stars in 
relation to the Sun and ihen subtract movements causec^ by 
changes in the earth's orbit through space. Proper motions are the 
simplejnovements of stars across space, measured by shifts in the 
positions of stars in relation to other heavenly bodies. Proper mo- 
tions of stars near the earth can be established in a relatively 
short period of observation, but distant stars may require centuries. 

The DoppLER shift. — Astronomers can also measure the move- 
ment of stars in terms of their speed directly toward or away from 
the earth. Changes in the color of stars indicate the direction of 
star movement. Shifts along the color spectrum toward blue indi- 
cate THfev, speed of star movement toward the earth, and shifts 
toward red indicate movement away from the earth. This shift 
is known as the "Doppler effect," which acts similarly with sound 
waves — increasing sound indicates movement toward a listener, 
and <Iecreasing sound, movement away from a listener? such as 
the sound of a horfi or whistle on a passing train. With measure- 
ments provided by studies of spectral hues, Cephcids and other 
classes of variable stars, and the calcium^ atoms of stars, modern 
scientists have a picture of a breathtaking universe in which our 
Sun and Earth are only two of 100 billion other orbiting bodies. 



If it were possible to view the Milky Way Galaxy from a star 
in another galaxy, we would see a flat, circular sta* system ex- 
tending over a vast area in space. The circle would appear thicker 
in its central region where huge red stars are densely packed and 
shrouded in clouds of dust. Individual stars would be barely 
recognizable because of their combined output of energy. Revolv- 
ing around the hub or central region w^uld be a disc of stars 
with a diameter about 100,000 light years, a difficult-to-understand 
600 million billion miles. Radiating from the center of the disc 
would be vast, curved arms of dUst, gas, and giant stars which 
spiral outward like the sparks of a whirling pinwheel. We would 
sec the Sun, 100,000 times dimmer than its brightest neighbor, 
about 30,000 light years from the center. This entire vast system 
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rotates urder the same laws that govern our relatively small solar 
system. . t . 

Galaxy structure.— A side view of the Milky Way shows two 
principal populations of stars. A majority of the stars are confined 
to a fiat, disc-like formation in the galactic plane, which forms 
the outer envelope of the Milky Way. In addition to multitudes 
of stars, this outer region contains quantities of dust and gases, 
which^obscure our view of much of the inner star system of the 
Milky W'ay. Jt^ also provides the great sprial arms of which our 
solar system is a part.. The Sun and all the other stars in these 
spiral arms follow orbits around the galactic center and form 
a **PopuIation T class of stars. The great mass of stars at the 
galatic nucleus constitute "Population IF stars. 

This means that the world of interplanetary spade is a flat 
^'Population I" type of arrangement. The laws of celestial me- 
chanics keep all planets, moons, and asteroids whirling in orbit 
about the Sun. For some not fully understood reason, they 
orbit near the *?plane of the ecliptic" This plane- is defined as the 
plane containing the orbit of the earth. Only comets, moving off 
to the north and south of the plane of the ecliptic, constitute a 
"Population H" of our solar system. In much the same manner 
that our "Population I" planets, moons, and asteroids moved out- 
ward from the Sun to form the solar system, the Milky Way 
Galaxy developed according to a balance of centrifugal and 
gravitational forces, expanding outward from its hub. The same 
process can be observed in other galaxies as indicated by their 
pinwheel or spiral appearance. Figure 43 shows in simple form 
the significant features of star orbits in a galaxy. 

(Nebulae and novae.— As we have already noted, the Milky 
Way system includes countless varieties of stars and giant clouds 
of I dust or gas. Astronomers refer to these huge clouds as nebulae. 
Some of these gaseous spheres glow brightly from the ultraviolet 
rays emitted by stars. Others, like the giant Horsehead Nebula 
in 'the constellation of Orion, appear as dark shadows because 
they intercept light rays traveling toward the earth from stars 
beliind them. Astronomers believe that most nebulae are the re- 
mms of unbtable stars, which, at one time, emitted huge clouds 
of Igas and then finally disintegrated in mammoth cxpjpsjons. 

For example, an exploding star some 50,000 years ago prob- 
ably created the Veil Nebula, a star-studded sphere of red, white, 
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and blue gases in Cygnus the Swan. This nebula is a huge 
sphere about 300 trillion miles in diameter, still traveling outward 
in space at the rate of •300,000. miles per hour. As it moves 
through space, it gives ofr blue light in the presence of oxygen, 
red in the presence of hydrogen, and white from a combination 
of effects. 

Sometimes, when a star suddenly explodes and glows at many 
times its former intensity, it may appear in the sky as a "nova 
Stella'' (Latin for new star). A nebula sometimes consists of the 
gaseous residue of such- an eruption. On the other hand, the 
loose gas and dust of a nebula may condense and form a star. In 
general, the gaseous consistency of interstellar nebulae is much 
.less dense than the earth's atmosphere. In some instances, it has 
the same order of thinness as the plasma emitted from the Sun 
as solar wind. 



As vast aj arc the distances between the stars and planets 
of our Milky Way Galaxy, scientists have discovered that this 
galaxy is only one among millions of other galaxies in the uni- 
verse. Beyond the Milky Way are innumerable groups and clusters 
of galaxies exteniing through the whole region of observable 
space. To appreciate the size and brilliance of a galaxy outside 
our own Milky Way, one needs only to gaze into the northern 
sky on a clear autumn night and {ind a tiny spot of brightness 
in the constellation Andromeda. Here is a galaxy known as M31, 
which sends light to the unaided eye from a distance of 16 
quintillion miles. It is located about two million light years from 
the Milky Way Galaxy, billions of times farther 3way than the 
most distant planet of our solar system— Pluto. It is so far away 
that an observer on earth sees light which left the galaxy 2.7 
million years ago. (Figure 44.) 

Magellanic clouds.— The only two other galaxies observable 
with the unaided eye beyond the Milky Way are the Magellanic 
Clouds, named after the sixteenth century mariner, Ferdinand 
Magellan, who first observed them in the sky over the Southern 
Hemisphere. Although these two galaxies are satellites of our 
Milky Way Galaxy, they are approximately 160,000 light years 
away, much nearer than the Andromeda Galaxy, regarded by many 
astronomers as a neighbor galaxy in intergalactic space. 
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Figgr« 44. Th« MHky Way Gpbxy Is only ont ompng millions of othtr galaxit: that 

inhabit tht univtrst. 



Millions of island universies.— One of the most momentous 
discoveries concerning the reality of galaxies beyond the Milky 
Way came in 1925 when a California astronomer named Edwm 
Hubble began scanning the :,kies with a new 100-inch telescope 
at Mount Wilson ObservatOxy. Using the Cepheid measuring stick, 
Hubble brought into focus a sphere of about three million light 
years in radius, encompassing some 20 different galaxies. From 
this point, he charted an additional sphere containing 200 more 
galaxies estimated at some 30 million light years in radius. Farther 
out in space where single stars could hot be seen, Hubble next 
used the brilliance of whole galaxies to estimate distances and, 
with this measuring system, reached the visible limits of the uni- 
verse more than one billion light years away. He concluded that 
the universe contains almost as many galaxies as there are stars 
in the Milky Way. Modern astronomers with more powerful tele- 
scopes know that galaxies outnumber stars by about six to one 
throughout most of the sky, and each on an average contains 
more than a billion stars and probably even more planets. 
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Families of galaxies.— The studies of Hubble and other astrono- 
mers indicate that the millions of galaxies scattered throughout 
the universe differ in size, shape,, and position. In comparison 
with the Milky Way Galaxy, most of them are smaUcr, but a few 
are also larger. They range in shape from formless clouds of hght 
to star-studded circles. Despite their differences, Hubble was able 
to distinguish three classifications or families of galaxies according 
to their shape— spirals, ellipticals, and irregulars. The spiral galaxies 
contain Population I stars in their arms and Population II stars 
in their nuclei and the surrounding halo. They appear as great 
whirlpools of fire and sparks. As mentioned earlier, they contam 
three well-defined regions— a densely populated nucleus of stars, 
a spherical halo of stars and stac clusters surrounding the nucleus, 
and a disc with spiral arms whirling outward around the halo 
and nucleus. EUiplical galaxies contain only a nucleus and surround- 
ing halos. They appear as- giant flattened beach balls with more or 
less densely packed nuclei, depending upon the pull of gravita- 
tional forces. Irregular galaxies Bre most often shapeless globs of 
blue and blue-white Population I stars with only an occasional 
trace of a spiral structure. 

"Peculiar" galaxies and quasars.— Id addition to the three standard 
classifications of galaxies, astronomers have 'observed nurnerous 
pecuUar objects in deep space which- do not conform to any recog- 
nizable pattern. They believe that these objects are galaxies which 
may have been torn apart in times past by forces beyond their 
present range of knowledge. Certain ones of these peculiar galaxies 
present themselves as double galaxies joined by lines, of stars 
thousands of light years in length. Others seem to be spinning 
side by side, and still others send forth giant flares sufficiently 
long to reach across entire galaxies. One of their most puzzUng 
characteristics is that they produce intense radio waves miUions 
of times more powerful than those of a normal spiral galaxy. 
Although no one knows exactly what the so-called "peculiars" 
arc, these mysterious objects with their powerful radio emissi9ns 
have enabled scientists to study intergalactic space far beyond 
the normal limits of optical observation. By using radio tele- 
scopes, astronomers have located galaxies many times farther away 
than .the thousands of faint galaxies that presently crowd together 
on optical telescopes. 
Even more puzzling than the peculiars are the strange objects 
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called quasars (a term applide to quasi-stellar radiation sources), 
which appear as stars through optical telescopes. Despite their in- 
j:redibleJistjjipJxom. the- earth of nine-t>illion-or more light years, 
these tiny starlike objects radiate more energy at radio frequencies 
than the most powerful galaxies. Although astronomers do not fully 
understand their true nature, they believe that quasars are the 
most distant objects in the universe and, as such, may hold some 
of the secrets concerning the origin of the universe and even of 
life itself. 

An expanding universe?— Astronomers have known for some time 
that distant observable galaxies are moving outward in space at 
extremely high speeds. Hubble quickly discovered in 1925 that 
the red Doopler shift is a characteristic of all galaxies beyond 
the Milky Vay, the Magellanic Clouds, and M31. He also found 
that the more distant a galaxy, the greater was the Doppler shift to- 
ward the red end of the color spectrum. This indicated that the 
more remote a galxixy is, the faster it is speeding outward away 
from the Milky Way. Foi: example, thousands of galaxies in the 
constellation Virgo about 50 'million light-years from the Milky 
Way are moving outward at 750 miles a second. Another densely 
populated group of galaxies in the constellation Hydra, aboiit 2.7 
billion light years away, is increasing its distance from us at the rate 
of 38,000 miles per second, roughly a fifth the speed of light. 

With highly accurate measurements provided by the "Doppler 
effect," astronomers know beyond doubt that the universe is ex- 
panding. This knowledge raises basic questions: how long has this 
expansion been going on, and will the universe always continue to 
expand? Current measurements of distance made possible by the 
Doppler technique suggest that it took the galaxies something like 
13 billion years to speed outward from a single dense cloud of 
matter to their, present positions in space. 

In arriving at what must be only partial answers to the second 
question, astronomers believe that the universe is expanding in 
the same manner that evenly spaced dots will move away from 
each other on a toy balloon when it is inflattd. One view is that 
new galaxies form to fill gaps left by expansion, with the result 
that the universe will always appear in much the same state. 
Another view holds that expansion is causing the universe to 
become thinner with the passing of time. If space is partially curved, 
according to Einstein's theory of General Relativity, the universe 
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will cease to expand in some point of time and will then_begin.„_ 
an-orderly process of " extraction, "ff,"' according to some astrono- 
mers, this is the partial answer to our second question, then the 
MilkyWay and life as it is known will be extinguished. As the uni- 
verse continues to contract, another universe will develop from a 
super-dense state, and the process of evolution will begin all over 
again, producing other, solar systems, other earths, and other intelli- 
gent beings. 

The Passing of Time In Interstellar and Intergalactic Space 
In view of the spectacular achievements of the Apollo flights to 
the Moon, scientists and engineers now believe that man eventually 
will travel from planet to planet and even to other galaxies in the 
universe. But he must first develop more powerful propulsion sys- 
tems for interplanetary, interstellar, and intergalactic space travel. 
One such source of power may be rocket engines driven by pho- 
tons which convert light into usable energy. The high exhaust 
velocities of photonic engines make it theoretically possible to pro- 
pel spaceships at speeds approaching the speed of light (186,300 
miles per second). Modern scientists are conducting intensive, basic 
research on new and radically improved propulsion systems that 
may one day take man into the distant regions of the universe. 

When one remembers that our Milky Way Galaxy is a mon- 
strous 100,000 light years in diameter and that the nearest galaxy 
to our galaxy is almost two million light years away, it appears 
doubtful that man would ever travel in interstellar and intergalactic 
space. But, according to the Einstein theory of relativity, such travel 
is not impossible. Einstein concluded from his studies that the uni- 
verse is not infinite but curved, and astronomers have obtained 
some evidence that appears to verify this conclusion. Einstein also 
maintained that, when the speed of an object, such as a space- 
ship, approaches the speed of light, time slows down for the speed- 
ing object. This circumstance (described by Einstein as the relativis- 
tic dilation of its own time) would reduce the travel time of space 
flights to remote galaxies to a few years— as the crews of photon- 
propelled space vehicles would observe^ tjie passing of time. 

Scientists have already derived formulas of relativity for mass 
ratios, reaction mass consumption, thrust, velocity, and flight times 
of photon spaceships. These formulas take into account the speed 
of light, the energy of the expended'' reaction mass, acceleration, 

124 \ 



^ THl WOULDS OF OUTBE WAC« 

* and elapsed time as the crew of a spaceship would observe them. 
' With the application of these relativistic formulas, some space scien- 
tists have coiicluded that there will be no great difference between 
the passing |of time " observed in i spaceship traveling within the 
solar systeni and that observed, on the earth. The difference will 
be infinitely, greater, however, during, interstellar and intergalactic 
travel. For example, a trip to the center of our Milky Way Galaxy 
(a distance of 30,000 light ye^ as measured by earth tune) might 
be made in 20 years spaceship time. During such a tnp, 60,000 
years will have passed on the earth. A trip to Andromeda, a 
neighbor galaxy, would telescope some 2 million earth years into 
26 spaceship years. On a round trip through the entire universe, 
a spaceship crew would observe the passing of 42 years, but 40 
billion years would have come and gone on the earth. 

These a;re some of the possibilities that may develop as man 
extends his reach beyond the Moon into deep space. As the 
frontiers of knowledge continue .to expand, these possibilities may 
become realities. On the other hand, they may end as mere dreams ' 
in the long history of mankind. Of one thing we may be sure,> to- 
day's events in the aerospace environment arc. only preludes to 
other momentous events in the years just ahead. 
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Population. I stars secondary mirror 
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primary focus spectroscope 
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:propcr motions sunspot 
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REVIEW QUESTIONS 

I 1, What Important contribution did Galileo make to the study of the unl- 
1 Yene? 

2. (a) Explain the difference bctyveen the refracting telescope and the re- 
flecting telescope. ^. « ^ i <» 
(b) V(b»l Is iht advantage of the radio telescope over optical telescopes! 



3. What is the function of specfroKopes, spectrographs, and coronagraphs? 

4. Describe the various layers of the Sun and explain such phenomena' as 
suuspots, solar flares, solar radiation, and solar wind, 

5. Name and describe the major planets of our solar system. What new 
information did Mariners H and V Reveal concfeniing the chai^cteristlcs of 
Venus? What did scientists learn from Mariner IV concerning lvi«rsT 

6. What Is the difference between asteroids and the major planets? 

7; What are the distinguishing characteristics of the planets Jupiter, Saturn, 

Uranus, and ^Neptune? 
S. Compare the size of our solar system with that of the MUky Way Galaxy, 

9. DeKribe the techniques used >>y astronomers to measure Interstellar and 
intergalactic distances. ^ 

10. Desc^be the structure of a typical galaxy and explain how galaxies are 
formed. 

11. How did Edwin Hubble arrive at his conclusion that the universe contains 
almost «« many galaxies as there are stars in the Milky Way? 

12, What are the distinguishing characteristics of spiral, elliptical, and irregu- 
lar galaxies? 

13, What proof do astronomers have that the universe Is expanding? What 
theories have they advanced regarding future expansion? 

14 What further developments are necessary before man can venture Into 
* faitersteliar and iotergalactic space? What do scientists have to say ye- 
gardiiig the passing of time during, intergalactic space travel? 
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THINGS TO DO 



1. Find out, whether the science dtpartment in your school possesses any 
of the astronomical instruments used by astronomers to study the uni- 
verse. If so. ask your science teacher to demonstrate the use of these 
mtruments. * 

2. Make a scale drawing of the solar system, indicating. the relative size and 
distance of the planets from the Sun. Beneath the drawing. list some of 
the basic characteristics of each planet, including similarities and dif- 
ferences. 

3. In a comparison of the^othcr planets with the earth. list specific character- 
istics of each planet that prevent the existence of life as it is known on 
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INDEX OF WORDS, PHRASES, AND NAMES 

This index consists of words,, phrases, artd names to remember 
listed at the end. of each chapter, with .some additional items. Most 
'of the terms in the following list are printed in boldface in the text 
where they firs.t appear and elsewhere as necessary. Page numbers 
refer to passages where the term isdefined, discussed, or explained 
in context. ^ 



absolute magnitudt, 114 

accrttion, 83 

odv teflon, '23 

cMrotpoc*, 1 

air mas I, 30-31 

air prtssurt, 2*3 

Air Wtafhtf. Strvlct, 47, 31 
> altinit*% 2>3 

altoa mufuy^ 41 

atfostratut, 41 

Androm«da, 12, 93 

antmom«ttr, 46 

apportnt magnitudt, . 116 
'Aptnnint Moiintain^,,. 7f 

ApoHo 12, 79 * " 

apogtt, 69 * 

Appttton Region, 63 

aittroidt, 76, 96,' 10t.109 

otmotphtrt, 2 

afmotphtric prttturt, 17 

otom, 16 

'atomic numbtr, 65 
atomic wtight/rf;^ h ^ 
aurora auttrallt, 62 
aurora i>or«al{t, .62 

B 

baromtttr, 46 - 
bioiphtrt, 13, 19 
todt, Johann Eltrf, 109 
•odt's Low, 109 



caldtra, 76 
canali, 106 
carbohydrattt, 18 
carbon dioxidt, 16 
Catttgrainian focus, 91 
Cassint Division, 113 
ctltstlal mtchanlcs/ 73 
ctntrlfugat forct, 82 
Ctphtid variabtt, 116, 121 
cislunar spact, t> 
chtmica! proptrtlts of air, 16 



chlorophyil, 19 
chromosphtrt,* 100 
cirrostrafus, 40, 41, 42 
cirrus, 40 

cltor*alr turbuttne«(CAT), 54 

citar ict, 54 

climatt, 53 

climatology, 53 

cold fronts, 36, 38 ^ 
^communications, 47 

compounds, 16 

condtnsatlon, , 20 

condtnsation nucltl, 21 

conduction; 22*23' 

4-ontintntal air-mass, 30 , . . * 
,c3nvtctlon, 23 

cimvtctlvt thundtrstorm, 39 
.,,cOi-»* samples, 81 

Corlalts-foret, 27-28 

corona. 69rT00 
* coronagraph, 95 

cosmic dust, 77 

cosmic rays, 65 

Coudt focus, 92 , 

cumulonimbus clouds, 36, 41, 42, 43 

cumulus clouds, 39, 41, 43 



Darwin, Sir Gtorgt, 82 
dtw point, 20 
Doppltr tfftct, 117, 123 
droplttS/ 20, O 
dropsondt, 49*51 
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tarth as a weather machine. 
Echo satellites, 67 
ecology, 18*19 

electromagnetic radiations, 95 
electromagnetic waves, 62 
electrons, 64 
ebments, 16 
elliptical galaxies, 122 
energy, 18, 21-23 
evaporation, 20 
exosphere, 66 
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factimiU tronstniisions, 49 
f«r«catttr ecpaUli»i«i and Hmitationt, 
56.57/ 

forrsq*!;^-*. of cloudi, 39.-42, 43 
front, '35 

frontal wtathtr, 36^39, 56.57 



.goloctlc pfant, 118 
galaxy, 12 

galaxy formation, 117-120 
gravitation, 71 



.H-.d»5y'* KlU, 77 
HaU t«Uscop«, 92 
hail, 55 

H«t«rosph«rt, 64 

high clouds, 40 
homofphtr*, 64 
HubbU, Edwin, 121 
hydrocarbons, II 
hygrom«t«r, 46 
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ictng, 53.54 
Infrared rays, 21-22 
Image resolution, 93 
Inner planets, 102-101 
Instrumontt cif astronomy, 68.95 
Ion, 65 
Ionization/ 6i5 
Ionosphere, 62, 64.66 
Irregular galaxies, 122 
Intergalac^lc spoce, 12 
Interplanetary distancer, 1 
Interplanetary space, 6 
Interstellar spoce, 9' 



J. 



Jupiter, 110.112 



Kennelly.Heavlslde layer, 62 
Kepler, Johannes, I 



!ava, 77 

levels of atmosphere, ^4.26 
Lick Observatory, 90 
light Intensification, 93 . 
light year, 10 



Lippershey, Honi/ $8 
liverworts, 81 
low clouds, 40 
Luna Orklter, 72 ' 
lunar month, 70 

M 

Magellanic Clouds, 120 
^mognetlc pole, 66.68 
magnetic tall, 68 
magntosphere, 66 
magnitude, 116 
Marconi, Guglielmo, 62 
mare (pi. maria) 
Mare Imbrlum, 76 
mare's tail clouds, ^ 
Mariner 2, 104 
Mariner 5, 104.105 
Mariner 6 and 7, .107-108 
Mariner 9, 108 
Mare TranquilltatI, 76 
maritime air mass, 30 
Mars, 7, 105-108 
mascons, 73 
mass, 65 
Mercury, 8, 102 
mesophere, 25 
meteor, 3, 75 
meteorites, 75 ^ 
meteorolds, 75 , 
meteorologist, 40 
middle clouds', 40 
Milky Way Galaxy, 9, 11, 114 
molecules, J6 
Moon, 69.84 
M 3;, 110 

N 

National Weather Service, 47 ^ 
nebula, 12 
neutrons, 64 

tebulae and nova, 118-120 
Neptune, 114 
Newton. Sir Isaac, 71 
Newtonian focus, 91 
HIMBUS satellite, 52 
ni}ftg*n, 16 
nitrogen cycle, 18 
nova Stella, 120 
nucleus, 64 



occluded front, 38 
Oceanut Procellarum, 77 
optical telescope, 88.94 
outer planets, 110.114 
oxygen, 16 
oxygen cycle, 18 
ozone, 25 
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porollwc of Mit itmd of ore, 10 
«9orMc, 10 . 
peculiar galoxi«s, }72 • 
P«numbra, 9^ 

photaiph«r«, 9t 
photpntc tngmts, 124 
pHbtotynth«sts, 19 
pfiyticol-prapertitt of olr, 16 
nccprd, Auflutit, 63 
piano of th« odiptic, lit 
plesma, 66 
Fliifo,7, 114 
polar air mass, 3p ■ 
Fopulafian I stars, 111, 119 
Population II start, lit; 119 
precipitation, 20 

primary mirror, 91 ♦ 
primary focus, 91 
propor motions, 117 
protons,. 64 
psychromoter, 46 



. . Q 

quasar) quasi* stellor-rodiotion-sourc*),* 
12, 123 



R 

rodar, 49 

radiant wqv3s, 21 

radiation, 21, 68 

radioactivity, 68 

rodlosond*, 49 

rawin, 49 

rawlnsand«, 49 

reflecting telescope, 88, 90-94 

refracting telescope, i8*90 

relative humidity, 20 

retrogrode or back-door movements, 36 

rille, 77 

rime I^e, ^54 

s 

satellite, 73 

saturation, 20 
Saturn, 112-113 
secondary mirror, 91 
sldeteol month, 70 ^ 
SiDs, 65 

solar flare, 99-100 
solor-system, 6, 7, 95-114, U5 
solar wind,' 66 
sounding roc!(ets, 63 
space, 5 
^Pip9t^ro%cap; 95 



spoctrof roph, 95 
spectrum, 21-22 
spiral gotoxlos, 122 
speed of light, 10 
static electricity, 39 
stratosphere, 25 
stratus, 41 

subatomic particle, 65 

sudden Ionospheric dlsturboncei (See 

SIDS), 100 
supercooled olr, 54 ' 
Sun, 96-102. 
sunspots, 98-99 

T 

thermometer, 46 
thunderheods, 36, 39, 42-43, 55 
thunderstorms, 39, 55-56, 5/ 
TIROS satellite, 52 
topography, 74 
" tropical air moss, 30 
tropopouse, 25 
tropos, 25 
troposphere, 2k 
turbulence, 53^54 

u 

ultraviolet rays, 21-22 
Umbra, 99 

United States Air Force Dictionary, 30 

Uranus, 113-114 

upper otmosphere, 62-66 

vacuum, '5, 39 

V 

Von Allen, James A,', 66 

Van Allen radiation belts, 5 
' Venero 4 and 7, 104-105 
-^Venus, 7, 103 r 

visible light rays, 21 

visibility, 53-55 

w 

worm fronts, 36, 38 
water vapor, 20 
weather, 2, 35-39, 42-47; 52-56 
weather hazards, 53-56 
weather map, 37, 48 
weather satellite, 51-52 
weothervone, 46 
weight (cf. moss), 65 
wet and dry bulb thermometer 
(psychrometer), 46 

Y 

Yerkes Observatory, 90 
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